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“No one really cares whether PacMan gobbles up all those little spots on the screen. 
Indeed, as soon as the screen is cleared, the player covers it again with more little spots to 
be gobbled up. What is reinforcing is successful play, and in a well designed instructional 
program students gobble up their assignments.”
(Skinner, 1984, p. 24)
Abstract
Designing computer based environments is never easy, especially when 
considering young learners. Traditionally, computer gaming has been seen as lacking in 
educational value, but rating highly in satisfaction and motivation. The objective o f this 
dissertation is to look at elements o f computer based learning and to ascertain how 
computer games can be included as a means o f improving learning. Various theories are 
drawn together from psychology, instructional technology and computer gaming, to 
devise an effective strategy in designing computer-based tutoring systems. With the 
inclusion of gaming elements, various designs can be tailored to the specific learning 
criteria of the students, reflecting their competencies and failings. More specifically, 
certain games can facilitate learner effects such as immersion, reward, motivation, 
reflection, collaboration and feedback; all necessary for effective learning (Wynn & 
Oliver, 1996).
A taxonomy o f the most common games in relation to their possible role in 
education is developed. The inclusion of gaming concepts is considered from both the 
behaviourist and constructivist views on instructional design. A model for the inclusion 
of various exogenous games into existing educational formats corresponding to Gagne’s 
(1977) instructional events is defined. Exogenous games are those that employ extrinsic 
fantasies and that are independent o f the courseware. Five insertion points for exogenous 
games are defined. These are; 1) the exogenous game as an engaging environment, 2) as 
an aid to presentation o f information, 3) as a means o f aiding the testing o f information, 
4) as a means o f rewarding the student and 5) as a means of enhancing retention and 
transfer. The model is described in detail with reference to the effective use o f computer 
games for educational purposes. It was found that the model has value in web-based 
instructional design and designing computer based learning environments for young 
students and those with special needs.
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Chapter 1: Principles of Learning
1.1 Introduction
D e s ig n in g  C o m p u te r  b ased  e d u c a tio n a l p a c k a g e s  is n e v e r  an  e a sy  ta sk . H o w e v e r, 
w ith  th e  a d v e n t o f  m u ltim e d ia  a p p lic a tio n s  and  v a rio u s  a u th o r in g  p a c k a g e s , th e  d e s ig n  o f  
c o m p u te r-b a se d  le a rn in g  m a te ria ls  h as  b e c o m e  re la t iv e ly  e a s y  fo r  th e  c o m m o n  c o m p u te r  
l i te ra te  in s tru c tio n a l d e s ig n e r. T h is  m e an s  th a t  te a c h e rs  f ro m  m a n y  b a c k g ro u n d s  can  
d e s ig n  th e ir  o w n  e d u c a tio n a l p a c k a g e s  an d  ta ilo r  th e  c o n te n t to  su it th e ir  n eed s .
B e s id e s  th e  d e s ig n  o f  th e  e d u c a tio n a l c o n te n t, th e  d e s ig n e r  m u s t c o n s id e r  a  
n u m b e r  o f  o th e r  fa c to rs  in  th e  p re p a ra tio n  o f  th e  c o m p u te r  p ro g r a m  T h e o rie s  a b o u t 
in s tru c tio n a l d e s ig n  h a v e  fo c u se d  o n  th e  le a rn e r ’s in te rn a l c a p a b ilit ie s  (C o g n itiv e  
th e o rie s ) , th e  re in fo rc e m e n t o f  ta rg e t b e h a v io u rs  (B e h a v io u r is t  th e o rie s ) , th e  c o n s tru c tio n  
o f  a c tiv e  m e a n in g  (C o n s tru c tiv is t) , an d  th e  m o tiv a tio n  to  le a rn  (e .g ., M alo n e , 1981). T h is  
d is se r ta tio n  lo o k s  a t th e  re a lm  o f  b o th  in s tru c tio n a l d e s ig n  an d  c o m p u te r  g a m es  d e s ig n  in 
an  a tte m p t to  b e tte r  u n d e rs ta n d  h o w  to  d e s ig n  e ffe c tiv e  e d u c a tio n a l so ftw a re .
T h e  o b je c tiv e  o f  th is  d is se r ta tio n  is to  lo o k  a t th e  d o m a in  o f  c o m p u te r-b a se d  
le a rn in g  an d  a sc e r ta in  h o w  c o m p u te r  g a m es  c a n  be in c lu d e d  in  th e  le a rn in g  p ro c e ss  a s  a  
m e a n s  o f  im p ro v in g  m o tiv a tio n  and  le a rn in g .
T h re e  a sp e c ts  o f  le a rn in g  a re  c o n s id e re d  in  C h a p te r  1. F irs tly , th e  C o g n itiv e  
P s y c h o lo g y  p e rs p e c tiv e  o n  th e  le a rn in g  p ro c e ss e s  is g iv e n . T h e  a c q u is itio n  o f  n e w  
in fo rm a tio n  is see n  as  a  p ro c e s s  o f  ta k in g  in c o m in g  in fo rm a tio n  an d  fit tin g  it w ith  
e x is t in g  c o g n itiv e  s tru c tu re s  (o r S c h e m a ta ) . S e c o n d ly , th e  b e h a v io u r is t  v iew  o f  le a rn in g  
sees  th e  p ro c e s s  as  an  a c q u is itio n  o f  a  ta rg e t  b e h a v io u r  f ro m  a  se r ie s  o f  c o n tin g e n t 
r e w a rd s  (S k in n e r , 1957). T h ird ly , M o tiv a tio n  is lo o k e d  a t as  a  p r im a ry  m e c h a n is m  fo r 
g e ttin g  a n d  su s ta in in g  a tte n tio n  fo r  a n y  le a rn in g  ta sk . A  th e o ry  o f  in tr in s ic a lly  m o tiv a tin g  
in s tru c tio n  (M a lo n e , 1981), d e v e lo p e d  fro m  s tu d ie s  w ith  c o m p u te r  g a m es , is  d is c u s s e d  in  
d e ta il.
3
In  C h a p te r  2, th e o rie s  o n  In s tru c tio n a l D e s ig n  a n d  M u ltim e d ia  a re  o u tlin ed . 
F irs tly , G a g n e ’s (1 9 7 7 ) in s tru c tio n a l e v e n ts  and  le a rn in g  o u tc o m e s  a re  d iscu ssed  in  lig h t 
o f  th e  d e s ig n  o f  e d u c a tio n a l m a te ria l. V a r io u s  m e th o d s  o f  d e liv e r in g  c o m p u te r-b a se d  
in s tru c tio n  a re  p re se n te d . T h e se  in c lu d e  tu to r ia ls , d r ill  a n d  p ra c tic e  so ftw a re , s im u la tio n s  
and  g am es. D e v e lo p m e n ts  in  th e  fie ld  o f  M u ltim e d ia  a n d  H y p e rm e d ia  a re  d isc u sse d  w ith  
re fe re n c e  to  th e o rie s  o f  le a rn in g  su c h  as  th e  M a s te ry  le a rn in g  m o d e l (C a rro ll, 1963), th e  
A R C S  m o d e l o f  m o tiv a tio n  (K e lle r , 1987) a n d  a  m o d e l c o n s id e r in g  th e  a ffe c tiv e  d o m a in  
in (IM M ) In te ra c tiv e  m u ltim e d ia  (W y n n  &  O liv e r , 1996).
In  C h a p te r  3, c o n s id e ra tio n s  fo r  d e s ig n in g  s u c c e s s fu l  a n d  c o m p e llin g  g a m es  a re  
o u tlin e d . T h e  c o re  e le m e n ts  o f  g a m es  a re  d is c u s se d  w ith  re s p e c t  to  re le v a n t p sy c h o lo g ic a l 
th e o rie s . F o r  th e  p u rp o se s  o f  b e tte r  u n d e rs ta n d in g  th e  p o te n tia l  u se  o f  d if fe re n t c o m p u te r  
g a m es  in  th e  d e s ig n  o f  e d u c a tio n a l m a te r ia ls , a  ta x o n o m y  o f  g a m e s  is  d e v e lo p e d . T h e  la s t 
s e c tio n  o f  c h a p te r  3 lo o k s  a t e d u c a tio n a l e ffe c tiv e n e s s  o f  g a m e s  as a  m e th o d  o f  learn in g . 
In  a d d itio n , a  new  te rm  fo r  th e  ty p e s  o f  g a m e s  m o s t su ite d  to  in c lu s io n  in to  e x is tin g  C A I 
(C o m p u te r  A ss is te d  In s tru c tio n )  s o ftw a re  is p ro p o s e d  b a se d  o n  p re v io u s  re sea rc h .
In  C h a p te r  4, a  m o d e l is p ro p o s e d  fo r  in se r tio n  o f  th e  n e w ly  d e fin e d  e x o g e n o u s  
g a m es  in to  e x is tin g  in s tru c tio n a l fo rm a ts  b a se d  o n  G a g n e ’s (1 9 7 7 ) in s tru c tio n a l e v en ts . 
E x a m p le s  o f  e x o g e n o u s  g a m e s  a re  g iv e n  fo r  e ac h  o f  th e  in s e r tio n  p o in ts  m e n tio n e d  in  th e  
p ro p o s e d  m o d e l.
In  C h a p te r  5 a  d is c u s s io n  o f  th e  v a r io u s  le a rn in g  e n v iro n m e n ts  is u n d e r ta k e n  w ith  
re fe re n c e  to  th e  g a m in g  c o n te n t as  a  c o n s id e ra tio n  w ith in  e d u c a tio n  fo r  le a rn e r’s o f  a ll 
ag es . T h e  lim ita tio n s  o f  th e  p ro p o s e d  m o d e l a re  a lso  h ig h lig h te d . T h e  p o te n tia l fo r g a m es  
an d  fu tu re  d ire c tio n s  fo r  re s e a rc h  a re  su g g e s te d .
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T o  b e tte r  u n d e rs ta n d  th e  p e d a g o g ic a l a ttr ib u te s  o f  c o m p u te r  g am in g  it is f irs t 
n e c e s sa ry  to  id e n tify  so m e  le a rn in g  c o n c e p ts . L e a rn in g  c a n  o c c u r  in  a lm o s t a n y  c o n tex t, 
w ith  so m e  le a rn in g  b e in g  u n c o n sc io u s . In  th is  c h a p te r , c o n c e p ts  o f  le a rn in g  f ro m  tw o  
m a in  s c h o o ls  o f  P s y c h o lo g y  (C o g n itiv e  an d  B e h a v io u r is t  T h e o rie s )  a re  o u tlin e d  an d  
m o tiv a tio n  is c o n s id e re d  as  a  p r im a ry  m e c h a n ism  fo r  su s ta in in g  le a rn in g  o f  n e w  m a te ria l 
(e .g ., M a lo n e , 1981).
L e a rn in g  h a s  b e en  d e sc r ib e d  a s  “ th e  p ro c e ss  o f  a c q u ir in g  re la t iv e ly  p e rm a n e n t 
c h a n g e  in  u n d e rs ta n d in g , a ttitu d e , k n o w le d g e , in fo rm a tio n , an d  s k ill  th ro u g h  e x p e r ie n c e ” 
(W ittro c k , 1977 , p  ix ). T h e  a c q u is itio n  o f  k n o w le d g e  c a n  o c c u r  in  a lm o s t an y  c o n tex t, 
and  le a rn e d  m a te r ia l c a n  re m a in  w ith  us f ro m  m in u te s  to  d e c a d e s . G o o d  &  B ro p h y  
(1 9 9 5 ), o u tlin e  so m e  q u a lita tiv e  d is tin c tio n s  b e tw e e n  d if fe re n t ty p es  o f  le a rn in g  by  
c o n s id e r in g  le a rn in g  u n d e r v a r io u s  d ic h o to m ie s . T h e se  in c lu d e : k n o w le d g e  th a t vs. 
k n o w le d g e  how ; in te n tio n a l v s. in c id e n ta l le a rn in g ; ro te  vs. m e a n in g fu l le a rn in g ; and  
re c e p tio n  vs. d is c o v e ry  le a rn in g .
K n o w le d g e  c a n  b e  declarative o r  procedural (G o o d  &  B ro p h y , 1995). 
Declarative o r  p ro p o s it io n a l  k n o w le d g e , is k n o w le d g e  th a t c o n ta in s  fa c ts , c o n ce p ts , o r 
g e n e ra lisa tio n s . I t m a y  b e  th e  m e m o ry  o f  an  e v en t, a  ru le  o f  tr ig o n o m e try , o r  te le p h o n e  
n u m b e r. T h e re fo re , it c o v e rs  b o th  s e m a n tic  an d  e p iso d ic  m e m o ry . Procedural k n o w le d g e  
c o rre sp o n d s  to  ‘k n o w in g  h o w ’, an d  re fe rs  to  th e  a b ility  to  p e rfo rm  sk ille d  a c tio n s  w ith o u t 
th e  in v o lv e m e n t o f  c o n sc io u s  re c o lle c tio n . T h e  a b ility  to  r id e  a  b ic y c le  is th e re fo re  
te rm e d  procedural k n o w le d g e . L e a rn in g  in v o lv e s  b o th  d e c la ra tiv e  an d  p ro c e d u ra l 
k n o w le d g e  an d  th e  a b ility  to  p e r fo rm  a  ta sk  m ay  d e p e n d  o n  h o w  w e ll b o th  ty p e s  o f  
k n o w le d g e  a re  in te g ra te d  to g e th e r .
L e a rn in g  is  c o n s id e re d  to  b e  e ith e r  intentional o r  incidental (G o o d  &  B ro p h y ,
1995). Intentional learning is  a  d ire c t  c o n sc io u s  p ro c e s s  w h ic h  is  g o a l d ire c te d . A  p e rso n  
se ts  o u t w ith  th e  in te n tio n  o f  le a rn in g  so m e th in g . Incidental learning is le a rn in g  th a t is 
n o t  c o n sc io u s ly  d e c id e d  u p o n . I t  is a  b y -p ro d u c t o f  p e rfo rm in g  a  ta sk . A  p e rso n  m ay
1.2 Theories of Learning
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p e rfo rm  o n e  ta sk  and  in a d v e r te n tly  le a rn  a n o th e r  sk ill. T h u s , le a rn in g  b e c o m e s  a 
re la tiv e ly  p a s s iv e  e x p e r ie n c e  w ith  th e  p e rs o n  le a rn in g  f ro m  th e  e n v iro n m e n t, b u t w ith o u t 
sp ec ific  g o a ls .
N e w  in fo rm a tio n  is o f te n  le a rn e d  w ith  no  re fe re n c e  to  p re v io u s  k n o w le d g e . Rote 
learning is th e  p ro c e ss  o f  m e re ly  le a rn in g  m a te r ia l w ith o u t re la tin g  it  to  w h a t is a lre ad y  
a cq u ired . I f  h o w e v er, th e  in c o m in g  in fo rm a tio n  is  c h e c k e d  w ith  w h a t is  a lre a d y  k n o w n , it 
b e c o m e s  m e a n in g fu l. T h e  p ro c e ss  o f  c o n s tru c tin g  c o h e re n t u n d e rs ta n d in g s  o f  c o n te n t is 
re fe rre d  to  as  meaningful learning (G o o d  &  B ro p h y , 1995). Meaningful learning is 
re ta in e d  lo n g e r  th a n  ro te  le a rn in g  a n d  is o fte n  n e c e s sa ry  fo r u n d e rs ta n d in g  n e w  c o n ce p ts . 
P ia g e t (1 9 7 0 ) , c o n sid e re d  c h i ld re n ’s c o g n itiv e  d e v e lo p m e n t as  th e  p ro c e s s  o f  seek in g  an  
e q u ilib r iu m  b e tw e e n  w h a t th e y  p e rc e iv e , k n o w , and  u n d e rs ta n d  o n  o n e  h a n d , and  w h a t 
th e y  see  in  a n y  new  p h e n o m e n o n , e x p e r ie n c e , o r  p ro b le m  o n  th e  o th e r  (G a g e  &  
B e rlin g e r, 1991). I f  th e  n ew  in fo rm a tio n  b e in g  le a rn e d  d o e s  n o t c o n flic t w ith  p re v io u s  
k n o w le d g e , th e re  is no e ffe c t o n  th e  e q u ilib r iu m . H o w e v e r , i f  th e re  e x is ts  som e 
c o n flic tin g  in fo rm a tio n , th e re  n e ed s  to  be  so m e  c o g n itiv e  w o rk  d o n e  to  re s to re  th e  
e q u ilib riu m . P ia g e t c o n s id e re d  th is  ‘a d a p ta t io n ’ to  ta k e  tw o  fo rm s , a ss im ila tio n  and  
a c c o m m o d a tio n , w h ic h  o c c u r  s im u lta n e o u s ly . A ss im ila tio n  is th e  p ro c e ss  o f  c h an g in g  
in c o m in g  in fo rm a tio n  to  fit e x is t in g  c o g n it iv e  s tru c tu re s . I f  th e  in c o m in g  in fo rm a tio n  
c o n flic ts  w ith  e x is tin g  c o g n itiv e  s c h e m a ta , th e ir  c o m p o s i tio n  m a y  c h a n g e  to  fit th e  
p e rc e iv e d  in fo rm a tio n . T h is  p ro c e s s  is k n o w n  as  a c c o m m o d a tio n . F u r th e rm o re , i f  th e  
in fo rm a tio n  a lre a d y  s to re d  a ffe c ts  fu tu re  le a rn in g , th e re  e x is ts  so m e  tra n s fe r  o f  e x is tin g  
k n o w le d g e  to  w h a t is n e w ly  a c q u ire d . T h is  tra n s fe r  o f  le a rn in g  c a n  b e  e ith e r  p o s itiv e  o r 
n e g a tiv e . P o s itiv e  tra n s fe r  o c c u rs  w h e n  n ew  le a rn in g  is a id ed  b y  s o m e th in g  p re v io u s ly  
le a rn ed . N e g a tiv e  tra n s fe r  o c c u rs  w h e n  p r io r  k n o w le d g e  m a k es  le a rn in g  m o re  d iff icu lt.
Reception learning is  c o n s id e re d  as  th e  le a rn in g  o f  m a te r ia l th a t  is p re s e n te d  in  its  
f in a l fo rm a t an d  th e n  e la b o ra te d  fo r  fu ll c o m p re h e n s io n . T h e re fo re , a ll re le v a n t 
in fo rm a tio n  is g iv e n  to  th e  in d iv id u a l to  le a rn  a n d  u n d e rs ta n d . Discovery learning re fe rs  
to  th e  a c q u is itio n  o f  in fo rm a tio n  b y  e x p o su re  to  e x p e r ie n c e s  o r  g u id a n c e  w h ic h  le ad s  to
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th e  d is c o v e ry  o f  a  ta rg e t c o n c e p t o r  goa l. L e a rn in g  is fa c ili ta te d  by  p ro v id in g  s tru c tu re d  
p ie c e s  o f  in fo rm a tio n  th a t th e  in d iv id u a l u se s  to  u n d e rs ta n d  th e  k e y  in s ig h t.
1.2.1 Cognitive / Constructivist Theories
C o g n itiv e  P s y c h o lo g is ts  c o n s id e r  le a rn in g  to  be th e  a c tiv e  c o n s tru c tio n  o f  
m e a n in g  in th e  m in d  fo r  in fo rm a tio n  p re s e n te d  to  th e  in d iv id u a l. T h e y  s tre ss  learn in g  as  
th e  tra n s fe r  o f  in fo rm a tio n  fro m  a  s h o r t  te rm  s to re  in to  long  te rm  m e m o ry . T h is  p ro c e ss  
has  b e c o m e  k n o w n  as  th e  m u lti- s to re  m o d e l o f  in fo rm a tio n  p ro c e ss in g . In c o m in g  s tim u li 
a re  re c e iv e d  in to  th e  b ra in  th ro u g h  th e  s e n s o ry  p a th w a y s  an d  th e n  tra n s fe rre d  to  th e  sh o rt 
te rm  s e n s o ry  s to re s  (S T S S ). T h e re  e x is ts  a  s to re  fo r  e ac h  s e n s o ry  m o d a lity . T h e  c a p a c ity  
o f  th e se  s e n s o ry  s to re s  is p ro b a b ly  in d e f in ite , b u t in fo rm a tio n  is h e ld  fo r  o n ly  a b r ie f  
p e rio d . I f  th e  in fo rm a tio n  is g iv e n  a tte n tio n , it is  c o n v e r te d  to  th e  sh o rt te rm  m e m o ry  
s to re  (S T M ) an d  w o rk in g  m e m o ry  (W M ). T h e  S T M  has a  sm a ll c a p a c ity  fo r  in fo rm a tio n  
(a p p ro x im a te ly  se v e n  c h u n k s ; M ille r, 1957). W ith  re h e a rsa l, th e  in fo rm a tio n  is  e n c o d e d  
in to  th e  long  te rm  m e m o ry  s to re  (L T M ) w h e re  it is re ta in e d  fo r  an  in d e fin ite  a m o u n t o f  
tim e . T h e  L T M  h as  an  u n lim ite d  c a p a c ity  fo r  in fo rm a tio n , b u t is  p ro n e  to  in te rfe ren ce .
In te rfe re n c e  e f fe c ts  o c c u r  w h e n  k n o w le d g e  is  a ffe c ted  by  p re v io u s  o r  su b se q u e n t 
le a rn in g  (U n d e rw o o d , 1983). In te rfe re n c e  c a n  o c c u r  w hen  in fo rm a tio n  s to re d  is a lte re d  to 
a d ju s t to  n ew  in fo rm a tio n  (k n o w n  as  p ro a c tiv e  in te rfe re n c e )  o r, w h e n  la te r  learn in g  
in te rfe re s  w ith  w h a t is p re v io u s ly  le a rn e d  (k n o w n  as  re tro a c tiv e  in te rfe re n c e ) . T h e re fo re , 
w h ile  m e m o ry  is s to re d  fo r  a  lo n g  p e r io d  o f  tim e , th e  c o n te n ts  o f  a  p a r tic u la r  e v en t can  
c h a n g e  o r be  a lte re d  o v e r tim e.
A  c o m m o n ly  a c c e p te d  th e o ry  is  th a t ‘p ra c tic e  m ak es  p e r f e c t ’. It is o n e  o f  th e  few  
la w s  in  c o g n it iv e  p sy c h o lo g y : T h e  P o w e r  L a w  o f  P rac tic e . It s ta tes  th a t i f  ‘tim e  on  ta s k ’ 
a n d  ‘n u m b e r  o f  a t te m p ts ’ w e re  g ra p h e d  o n  lo g -lo g  c o -o rd in a te  ax es , a  s tra ig h t line  w o u ld  
r e s u lt  (F itts  &  P o sn e r, 1967). T h u s , w ith  p ra c tic e , m e m o ry  fo r  le a rn ed  m a te ria l is 
in c re a s e d  a n d  p e rfo rm a n c e  b e c o m e s  a lm o s t au to m a tic . A fte r  in itia lly  a cq u ir in g  
d e c la ra tiv e  o r  p ro c e d u ra l k n o w le d g e , p ra c tic e  c a n  in c u r so m e  a d d itio n a l c h a n g e s . T h e se
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a re  o u tlin e d  b y  N e v e s  an d  A n d e rso n  (1 9 8 1 ) as: (1) c o m p o s itio n , w h ic h  in c lu d e s  th e  
c o m b in in g  o f  ru le  p a r ts  (d e c la ra tiv e  k n o w le d g e )  in to  la rg e r s tru c tu re s , and  in c reased  
speed  o f  p e r fo rm a n c e ; and  (2 ) th e  a tta in m e n t o f  a u to m a tic i ty , th e re fo re  re d u c in g  th e  
d e m a n d s  o n  a tte n tio n  (S h iffr in  an d  S c h n e id e r , 1977).
1.2.2 Cognitive Strategies
T h e  n e x t th re e  sec tio n s  o u tlin e  th e  m a jo r  c o m p o n e n ts  a ffe c tin g  th e  le a rn in g  o f  
new  in fo rm a tio n  (o r  sk ills ) f ro m  th e  C o g n itiv e  p e rsp e c tiv e . F irs tly , c o g n itiv e  s tra teg ie s  
a re  d is c u s s e d  w ith  re fe re n c e  to  h o w  th e y  in c re a s e  th e  in d iv id u a l’s le a rn in g  c ap a b ilitie s . 
S e c o n d ly , th e  e ffe c ts  o f  learn in g  o n  m e n ta l m o d e ls  a re  o u tlin e d  a n d  fin a lly , le a rn in g  
s ty le s  a re  d is c u s s e d  in lig h t o f  th e ir  e ffe c t o n  le a rn in g .
C e r ta in  sk ills  c a n  im p ro v e  th e  le a rn in g  a b ility  a n d  o v e rc o m e  so m e  o f  th e  
c o n s tra in ts  o f  th e  in fo rm a tio n  e n c o d in g  p ro c e ss . ‘C h u n k in g ’ (o r a g g re g a tio n ) is o n e  su ch  
e x a m p le  (M ille r , 1957). C h u n k in g  re fe rs  to  th e  a b ility  to  g a th e r in fo rm a tio n  to g e th e r , 
fo rm in g  a  n e w  m ass . T h is  o v e rc o m e s  th e  lim its  o f  th e  S T M  by  in c re a s in g  th e  s ize  o f  th e  
ch u n k s. H e n c e , m o re  in fo rm a tio n  c a n  b e  m a n ip u la te d  d u rin g  a ta sk  to  re d u c e  th e  tim e  
n e ed e d  to  c o m p le te  it.
A n  e x a m p le  o f  ‘c h u n k in g ’ by  e x p e r ts  w a s  d e m o n s tra te d  b y  C h ase  an d  S im o n  
(1 9 7 3 ). In  th e ir  s tu d ie s  o f  g ra n d -m a s te r  c h e s s  p la y e rs , th e y  fo u n d  th e m  to  p o s se ss  a 
g re a te r  m e m o ry  fo r  a  c h ess  sc e n a rio  o n  a  c h e s sb o a rd  th a n  n o v ic es . T h e y  w e re  ab le  to  
‘c h u n k ’ th e  re le v a n t  in fo rm a tio n  an d  re m e m b e r  it m o re  e a s ily  th a n  th e  n o v ic es . T h e ir  
s u p e r io r ity  w a s  s ig n if ic a n t w h e n  th e  p ie c e s  w e re  p la c e d  in  so m e  m e a n in g fu l w ay , b u t n o t 
h o w e v e r, w h e n  th e y  w e re  ra n d o m ly  a rra n g e d . T h e re fo re , w h ile  e x p e r ts  p o s se ss  a  g re a te r  
a b ility  to  re m e m b e r , it is sp ec ific  to  th e ir  d o m a in  o f  e x p e r tise  o n ly . G re e n  a n d  G ilh o o ly  
(1 9 9 2 ) in  a  s u m m a ry  o f  e x p e r tise  re se a rc h , sh o w  e x p e r ts  to  :
•  R e m e m b e r  b e tte r .
•  U se  d if f e re n t p ro b le m  so lv in g  te c h n iq u e s  ( te n d  to  w o rk  fo rw a rd s ) .
•  H a v e  b e tte r  an d  m o re  s o p h is tic a te d  re p re se n ta tio n s  o f  p ro b le m s .
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•  P o ssess  in c re a se d  a b ility  to  p e rfo rm  b e tte r  d u e  to  k n o w le d g e  a n d  n o t so m e  in h e re n t 
ab ility .
•  B e c o m e  e x p e r ts  th ro u g h  e x te n s iv e  p ra c tic e .
G a g n é  a n d  G la se r  (1 9 8 7 ) o u tlin e  th re e  ty p e s  o f  c o g n itiv e  s tra te g ie s . (1 ) L ea rn in g  
s tra te g ie s  c a n  be  u se d  to  c o n tro l o r  m o d ify  in c o m in g  in fo rm a tio n . In  re a d in g  a  se lec tio n  
o f  te x t, th e  re a d e r  can  fo c u s  o n  p a r tic u la r  k e y w o rd s  in  o rd e r  to  u n d e rs ta n d  th e  c o n ten t 
q u ick ly . S tra te g ie s  fo r  e n c o d in g  and  o rg a n is in g  in fo rm a tio n  c a n  be  ta u g h t (e .g ., d raw in g  a 
d ia g ra m ) in o rd e r  to  im p ro v e  le a rn in g . (2 ) S tra te g ie s  fo r  re m e m b e r in g  c a n  be  lin k ed  w ith  
th e  e n c o d in g  o f  in fo rm a tio n . F o r e x a m p le , by  a s so c ia tin g  o b je c ts  w ith  c e r ta in  w o rd s , 
th e ir sp eed  o f  re c o lle c tio n  c a n  be in c re ase d . (3 ) P ro b le m  S o lv in g  s tra te g ie s  a re  u sed  by  
in d iv id u a ls  to  so lv e  p u z z le s . F o r e x a m p le , in  a  m e a n s -e n d  a n a ly s is  th e  in d iv id u a l w o u ld  
n o te  th e  g o a l s ta te , th e  in itia l s ta te , an d  c re a te  so m e  in te rm e d ia te  s ta te  to  re d u c e  th e  
d iffe ren c e . T h e n  an  o p e ra to r  w o u ld  be s e le c te d  to  so lv e  th is  s u b g o a l (N e w e ll and  S im on , 
1972). P e o p le  a p p ro a c h  ta sk s  o r  p ro b le m s  w ith  m a n y  p re c o n c e p tio n s  o f  w h a t is in v o lv ed . 
T h e y  a re  sa id  to  h a v e  a  m e n ta l m o d e l o f  h o w  it w o rk s . T h e  n e x t se c tio n  lo o k s  m o re  
c lo se ly  a t h o w  m e n ta l m o d e ls  c a n  be  c o n s id e re d  w h e n  le a rn in g  n e w  in fo rm a tio n .
1.2.3 Mental Models
M e n ta l m o d e ls  a re  u se fu l w a y s  o f  th in k in g  a b o u t th e  w o rld  an d  h o w  th in g s  w o rk  
in g en era l. J o h n so n -L a ird  (1 9 8 3 ) c o n s id e re d  m e n ta l m o d e ls  a s  th e  b a s ic  s tru c tu re  o f  
c o g n itio n : " It is n o w  p la u s ib le  to  su p p o se  th a t  m e n ta l m o d e ls  p la y  a  c e n tra l  a n d  u n ify in g  
ro le  in re p re se n tin g  o b je c ts , s ta te s  o f  a ffa irs , s e q u e n c e s  o f  e v e n ts , th e  w a y  th e  w o rld  is, 
and  th e  so c ia l a n d  p s y c h o lo g ic a l  a c tio n s  o f  d a ily  life ."  (p 3 9 7 ). W h e n  p e o p le  f irs t try  to  
u n d e rs ta n d  a  p h e n o m e n o n , th e y  u se  th e ir  e x is t in g  m o d e ls  o f te n  u n su c c e ss fu lly . H o w ev er, 
w ith  so m e  le a rn in g , th e  m o d e ls  b e c o m e  m o re  e ff ic ie n t an d  f le x ib le . I f  a  ta sk  is p e rfo rm ed  
n u m e ro u s  tim e s , a  m e n ta l m o d e l o f  a p p ro a c h in g  th e  s a m e  ta s k  w ill b e  d e v e lo p e d . 
H o w e v e r, i f  th e  ta s k  is c h a n g e d , th e  c o rre sp o n d in g  m e n ta l m o d e l m u s t be  re v ise d  and  
a d a p te d  to  su it. M c C lo s k e y  (1 9 8 3 ) fo u n d  th a t p e o p le , e v e n  w ith o u t tra in in g , p o sse ss  
n a iv e  th e o r ie s  o f  p h y s ic a l  p h e n o m e n a . F o r  in s tru c tio n  p u rp o s e s , v a r io u s  m e th o d s  o f  
te a c h in g  in c lu d e  id e n tify in g  n a iv e  m o d e ls  b ro u g h t to  th e  b e g in n in g  o f  a  ta sk , tra c in g  th e
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d e v e lo p m e n t o f  m o d e ls  f ro m  n o v ic e  to  e x p e r t, ta k in g  a d v a n ta g e  o f  e x is t in g  m o d e ls  and  
b u ild in g  o n  th e m , an d  te a c h in g  e x p lic itly  m e n ta l m o d e ls  th a t fa c ili ta te  p e rfo rm a n c e .
O th e r  C o g n itiv e  sk ills  in c lu d e  th e  u se  o f  m e n ta l o p e ra tio n s  to  p e rfo rm  v a rio u s  
ta sk s . T h e se  in c lu d e  m e n ta l im a g e ry  and  m e n ta l m a p p in g . T h e  u se  o f  Mental imagery in  
e d u c a tio n  has b een  w e ll d o c u m e n te d  as  im p ro v in g  m e m o ry  o f  le a rn ed  m ate ria l, 
e sp e c ia lly  fo r sp o r t tra in in g  (M o ra n , 1993). M o ra n  fo u n d  a th le te s  to  h av e  s ig n if ic a n tly  
h ig h e r m e n ta l a b ilit ie s  in  c o n tro llin g  m e n ta l im a g e s  th a n  n o n -a th le te s . T h e y  u se  m e n ta l 
im a g e ry  to  e n h a n c e  p e rfo rm a n c e  b y  p ra c tic in g  m o v e m e n ts  o r s tra te g ie s  in  th e ir  m ind . 
M en ta l m a p p in g  in v o lv e s  th e  c o m p le x  u se  o f  im a g e ry  to  e n v isa g e  m a p s  an d  p a rtic u la r  
ro u te s  in  th e  m ind . T h u s , th e  u se  o f  m e n ta l im a g e ry  a id s  th e  a c q u is itio n  a n d  p e rfo rm a n c e  
o f  b o th  c o g n itiv e  and  p h y s ic a l sk ills .
1.2.4 Learning Styles
A n o th e r  im p o r ta n t c o n s id e ra tio n  w h e n  d e s ig n in g  e n v iro n m e n ts  fo r  lea rn in g  
in v o lv e s  th e  in te rn a l w ay s  in  w h ic h  s tu d e n ts  learn . J u s t  as  p e o p le  h a v e  d if fe re n t tra its  o f  
p e rso n a lity , th e y  a lso  h a v e  d if f e re n t le a rn in g  s ty les. T h e y  p o s se s s  c h a ra c te r is tic  s tre n g th s  
and p re fe re n c e s  in th e  w a y s  th e y  ta k e  in  an d  p ro c e s s  in fo rm a tio n  (F e ld e r , 1996). O n e  o f  
th e  m o s t c o m m o n  w a y s  p e o p le  le a rn  so m e th in g  n ew  is by lis te n in g  to  so m e o n e  ta lk  a b o u t 
th e  in fo rm a tio n . S o m e  p e o p le  p re fe r  to  re a d  a b o u t a  c o n c e p t to  le a rn  it; o th e rs  n e ed  to  see 
a  d e m o n s tra tio n  o f  th e  c o n c e p t. L itz in g e r  &  O s i f  (1 9 9 2 ) d e sc rib e  le a rn in g  s ty le s  as "the  
d if fe re n t w a y s  in  w h ic h  c h ild re n  an d  a d u lts  th in k  and  le a rn  (p 7 3 ) ."  T h e y  see  th a t e ac h  o f  
us d e v e lo p s  a  p re fe rre d  a n d  c o n s is te n t se t o f  b e h a v io u rs  o r  a p p ro a c h e s  to  lea rn in g . In 
o rd e r  to  b e tte r  u n d e rs ta n d  le a rn in g , th e y  b re a k  it d o w n  in to  se v e ra l p ro c e sse s :
I.Cognition—h o w  o n e  a c q u ire s  k n o w le d g e .
l.Conceptualization—h o w  o n e  p ro c e ss e s  in fo rm a tio n  (e .g ., m a k in g  c o n n e c tio n s  to  
p re v io u s ly  le a rn ed  in fo rm a tio n ) .
^.Affective—p e o p le 's  m o tiv a tio n , d e c is io n  m a k in g  s ty les, v a lu e s  an d  e m o tio n a l 
p re fe re n c e s  w ill  a lso  h e lp  to  d e f in e  th e ir  le a rn in g  s ty les.
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A  n u m b e r  o f  p e o p le  h av e  tr ie d  to  c a ta lo g u e  th e  ra n g e s  o f  le a rn in g  s ty le s  in  m o re  
d e ta il  th a n  th is . V a rio u s  le a rn in g  s ty le  m o d e ls  h a v e  b e en  d e v e lo p e d  (se e  F e ld e r , 1996 , fo r 
a  re v ie w ). K o lb  (1 9 8 4 ) is p e rh a p s  o n e  o f  th e  b e s t k n o w n  an d  h is th in k in g  is o u tlin e d  
b e lo w .
K o lb  (1 9 8 4 ) sh o w e d  th a t p e o p le  h a v e  p re fe re n c e s  fo r  le a rn in g  w h e n  ta k in g  in  
in fo rm a tio n  (c o n c re te  e x p e r ie n c e  o r  a b s tra c t c o n c e p tu a lis a tio n )  and  h o w  th e y  in te rn a lise  
in fo rm a tio n  ( re fle c tiv e  o b se rv a tio n  o r  a c tiv e  e x p e r im e n ta tio n )  (F e ld e r, 1996). T h e  fo u r 
d o m in a n t ty p e s  o f  le a rn in g  s ty le s  th a t  o c c u r  m o s t f re q u e n tly  a c c o rd in g  to  K o lb  (1 9 8 4 ) a re  
a c c o m m o d a to r , a ss im ila to r , c o n v e rg e r , an d  d iv e rg e r . T h e  o p tim u m  le a rn in g  e ffe c t is 
a c h ie v e d  i f  o n e  d is p o se s  o f  a ll fo u r  le a rn in g  a b ilitie s . In  re a li ty  w e  h a v e  a  te n d e n c y  to  







F ig u re  1.1 K o lb ’s L e a rn in g  S ty les : f ro m  L itz in g e r  a n d  O s if  (1 9 9 2 , p . 7 9 )
Accommodators (C o n c re te  e x p e r ie n c e /A c tiv e  e x p e r im e n te r )  a re  m o tiv a te d  b y  ask in g  
th e m s e lv e s  th e  q u e s tio n  "what if?". T h e y  lo o k  fo r  s ig n if ic a n c e  in  th e  le a rn in g  e x p e r ie n c e  
an d  c o n s id e r  w h a t th e y  c a n  d o , as  w e ll as w h a t o th e rs  h a v e  d o n e  p re v io u s ly . T h e se  
le a rn e rs  h a n d le  c o m p le x ity  w e ll a n d  a re  a b le  to  see  re la tio n sh ip s  a m o n g  a sp e c ts  o f  a 
s y s te m  A  v a r ie ty  o f  m e th o d s  a re  su ita b le  fo r  th is  le a rn in g  s ty le , b u t a n y th in g  th a t
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e n c o u ra g e s  in d e p e n d e n t d is c o v e ry  is p ro b a b ly  th e  m o s t d e s ira b le . A c c o m m o d a to rs  p re fe r 
to  be a c tiv e  p a r t ic ip a n ts  in  th e ir  lea rn in g . T h e  in s tru c to rs  w o rk in g  w ith  th is  ty p e  o f  
s tu d e n t m ig h t e x p e c t d e v il 's  a d v o c a te  ty p e  q u e s tio n s , su c h  as  "W h a t if?" a n d  "W h y  no t?"
Assimilators (A b s tra c t c o n c e p tu a lis a tio n /R e f le c tiv e  o b s e rv e r)  a re  m o tiv a te d  to  a n sw e r th e  
q u e s tio n , "what is there to know?". T h e y  lik e  a c c u ra te , o rg a n ise d  d e liv e ry  o f  in fo rm a tio n  
and  th e y  te n d  to  re s p e c t  th e  k n o w le d g e  o f  th e  e x p e r t. T h e y  a re n 't  th a t  c o m fo rta b le  
ra n d o m ly  e x p lo r in g  a  s y s te m  an d  th e y  lik e  to  g e t th e  'r ig h t' a n sw e r to  th e  p ro b le m . 
In s tru c tio n a l m e th o d s  th a t su it A ss im ila to rs  in c lu d e : le c tu re  m e th o d  (o r v id e o /a u d io  
p re s e n ta tio n )—fo llo w e d  b y  a  d e m o n s tra tio n  e x p lo ra tio n  o f  a  su b je c t in  a lab , fo llo w in g  a 
p re p a re d  tu to r ia l (w h ic h  th e y  w ill p ro b a b ly  s tic k  to  q u ite  c lo se ly )  an d  fo r w h ic h  a n sw e rs  
sh o u ld  be p ro v id e d . T h e s e  le a rn ers  a re  p e rh a p s  le ss  'in s tru c to r  in te n s iv e ' th a n  so m e  o th e r 
le a rn in g  s ty le s . T h e y  w ill c a re fu lly  fo llo w  p re p a re d  e x e rc is e s , p ro v id e d  a  re s o u rc e  p e rso n  
is c le a r ly  a v a ila b le  and  a b le  to  a n sw e r q u e s tio n s .
Convergers (a b s tra c t c o n c e p tu a liz a tio n /a c tiv e  e x p e r im e n te r )  u su a lly  a sk  th e  q u e s tio n  
"how?". T h e  u se fu ln e s s  o f  th e  in fo rm a tio n  g a in e d  is in c re a se d  by  u n d e rs ta n d in g  d e ta iled  
in fo rm a tio n  a b o u t th e  sy s te m 's  o p e ra tio n . In s tru c tio n a l m e th o d s  th a t su it C o n v e rg e rs  
in c lu d e  a n  in te ra c tiv e  se ss io n , w h e re b y  th e y  c a n  e x p lo re  a n d  u n d e rs ta n d  c o n c e p ts  by  tr ia l 
and  e rro r. H e re  th e  in s tru c to r  sh o u ld  a c t as  a  c o a c h , p ro v id in g  g u id e d  p ra c tic e  and  
lea rn in g . <
Divergers (c o n c re te /re f le c tiv e  le a rn e rs) a re  m o tiv a te d  to  d is c o v e r  th e  re le v a n c y  o r  "w hy" 
o f  a  s itu a tio n . T h e y  lik e  to  re a so n  fro m  c o n c re te  sp e c if ic  in fo rm a tio n  a n d  to  e x p lo re  w h a t 
a  sy s te m  h as  to  o ffe r  an d  th e y  p re fe r  to  h av e  in fo rm a tio n  p re s e n te d  to  th e m  in  a  d e ta ile d , 
sy s te m a tic , re a so n e d  m a n n e r . In s tru c tio n a l m e th o d s  th a t su it D iv e rg e rs  in c lu d e  a  le c tu re  
m e th o d , fo c u s in g  o n  s p e c if ic s  su c h  as  th e  s tre n g th s , w e a k n e sse s  an d  u ses  o f  a  s y s te m  
T h e  in s tru c to r  c a n  a ssu m e  th e  ro le  o f  a  m o tiv a to r  a n d  fa c ilita to r  fo r  th is  ca teg o ry . 
F le x ib ili ty  a n d  th e  a b ility  to  th in k  o n  y o u r fe e t a re  a sse ts  w h e n  w o rk in g  w ith  D iv e rg e rs .
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H a rtm a n  (1 9 9 5 ) to o k  K o lb 's  le a rn in g  s ty le s  and  g a v e  e x a m p le s  o f  h o w  o n e  m ig h t 
te a c h  to  e a c h  them :
1. F o r th e  c o n c re te  e x p e r ie n c e r  o ffe r  la b o ra to rie s , f ie ld  w o rk , o b se rv a tio n s  o r  tr ig g e r
film s
2. F o r th e  re f le c tiv e  o b s e rv e r  u se  lo g s , jo u rn a ls  o r  b ra in s to rm in g
3. F o r th e  a b s tra c t c o n c e p tu a lis e r  lec tu re s , p a p e rs  an d  a n a lo g ie s  w o rk  w e ll
4. F o r th e  a c tiv e  e x p e r im e n te r  o ffe r  s im u la tio n s , c a se  s tu d ie s  and  h o m e w o rk
A lth o u g h  K o lb  (1 9 8 4 )  th o u g h t o f  th e se  le a rn in g  s ty le s  a s  a  c o n tin u u m  th a t one  
m o v e s  th ro u g h  o v e r  tim e , u su a lly  p e o p le  c o m e  to  p re fe r , an d  re ly  on , o n e  s ty le  a b o v e  th e  
o th e rs . It is th e se  m a in  s ty le s  th a t in s tru c to rs  n eed  to  be a w a re  o f  w h e n  c re a tin g  
in s tru c tio n a l m a te ria ls .
C o g n itiv e  th e o r ie s  lo o k  a t h o w  th e  in d iv id u a l w o u ld  a ss im ila te  n e w ly  a cq u ired  
in fo rm a tio n  w h e n  le a rn in g  (P ia g e t, 1950). A n o th e r  w a y  o f  lo o k in g  a t lea rn in g  is to  
c o n s id e r  th e  b e h a v io u r  o f  th e  in d iv id u a l an d  h o w  it c h a n g e s  w h e n  le a rn in g  o c cu rs . T h is  
can  be o b se rv e d  as  a c h a n g e  in  b e h a v io u r  and  th e  B e h a v io u r is t  v ie w  o f  le a rn in g  is 
o u tlin e d  b e lo w .
1.3 Behaviourist View of Learning
B e h a v io u ris t  p s y c h o lo g is ts  s tre ss  re in fo rc e m e n t as  th e  p rim a ry  m e c h a n ism  fo r 
e s ta b lish in g  a n d  m a in ta in in g  b e h a v io u r  (G o o d  &  B ro p h y , 1995). Reinforcement is th e  
p ro c e ss  o f  p re s e n tin g  a  re in fo rc in g  s tim u lu s  to  an  o rg a n is m  a f te r  th e  o rg a n ism  h a s  m a d e  a  
re sp o n se . T h is  re s u lts  in  a n  in c re a se  in  th e  s tre n g th  o f  th a t  c la ss  o f  re s p o n se s  (G a g e  &  
B erlin g e r , 1991). B .F . S k in n e r  d e m o n s tra te d  th is  id e a  re m a rk a b ly  w e ll w ith  ra ts  in  w h a t 
has  b e c o m e  k n o w n  as  th e  “ S k in n e r  b o x ”. A  S k in n e r  b o x  is a  c a g e  c o n ta in in g  a le v e r 
w h ic h  a  r a t  c a n  p u sh , a n d  a  s m a ll d isp e n se r  fo r fo o d . W h en  a  n o v ic e  ra t  is p la c e d  in  th e  
cag e  it ro a m s  a b o u t u n til it p re s se s  th e  le v e r  by  a c c id e n t, o r  o u t o f  sh ee r b o redom . 
H o w e v e r, i f  fo o d  is  d is p e n s e d  to  th e  r a t  as a  re su lt, th e  r a t  q u ic k ly  le a rn s  th a t i f  th e  lever 
is p re s se d , it w ill r e c e iv e  fo o d . T h is  e ffe c t is  k n o w n  as  o p e ra n t c o n d itio n in g  (S k in n er ,
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1953). T h u s , th e  ra ts  b e h a v io u r  is re in fo rc e d  by  th e  d e liv e ry  o f  fo o d  (th e  re in fo rce r) . 
E v e n tu a lly  th e  r a t  w ill be  c o n d itio n e d  to  p re ss  th e  le v e r  c o n tin u o u s ly  in  o rd e r  to  re c e iv e  
fo o d . T h is  is a n a lo g o u s  to  w h a t L o ftu s  &  L o ftu s  (1 9 8 3 ) d e sc r ib e  as  h u m a n s  b e in g  in  fro n t 
o f  th e  “ v id eo  p a r lo u r  b o x ” , i.e . th e  re in fo rc e m e n ts  g a in e d  f ro m  th e  v id e o  gam e  (see  
C h a p te r  3 .1 .2 ) m a in ta in s  th e  in te re s t o f  th e  g a m e -p la y e r.
1.3.1 Types of Reinforcement
C e rta in  e v e n ts  m u s t be  e x p e r ie n c e d  c o n tig u o u s ly  by  th e  le a rn e r  in o rd e r  fo r 
le a rn in g  to  o ccu r. T h e  e v e n t is re in fo rc e d  o n ly  if  th e  re in fo rc e r  is n e a r ly -s im u lta n e o u s  to 
th e  p e rfo rm e d  ac tio n . T h u s , w h e n  th e  a c tio n  is re m e m b e re d , so  to o  is  th e  re in fo rc e m e n t 
w h ic h  fo llo w e d . Reinforcement c an  be e ith e r  p o s itiv e  o r  n e g a tiv e . A  p o s itiv e  re in fo rc e r  
c o u ld  be food . A n e x a m p le  o f  n e g a tiv e  re in fo rc e r  w o u ld  be  an  e le c tr ic  sh o ck . I f  the  
n u m b e r o f  le v e r-p re sse s  is in c re a se d  fo r  th e  ra t in  o rd e r  to  re c e iv e  fo o d , it w ill c o n tin u e  to 
p re s s  th e  lever. T h e  ra t  re c e iv e s  fo o d  o n ly  a fte r  a  c e r ta in  a m o u n t o f  le v e r  p re ss in g . T h is  is 
w h a t is k n o w n  as  partial-reinforcement. T h e  re in fo rc e m e n t is n o t c o n tin u o u s , b u t th e  
a n tic ip a tio n  o f  a re in fo rc e m e n t m a in ta in s  th e  b e h av io u r . Frustration o c c u rs  w h en  th e  
re w a rd  o b ta in e d  is le ss  th a n  th e  e x p e c te d  re w a rd . In  th is  e x a m p le  th e  r a t  w ill b e co m e  
a g ita te d  i f  th e  a m o u n t o f  fo o d  is d e c re a se d . Persistence is  a c tiv a te d  a fte r  a  h is to ry  o f  
re in fo rc e m e n ts  and  n o n -re in fo rc e m e n ts . It in c re ase s  w h e n  th e  e x p e c ta tio n  o f  re w ard  is no 
lo n g e r f ru s tra te d . I f  th e  r a t  d o e s  n o t re c e iv e  fo o d  a fte r  p re s s in g  th e  le v e r , it w ill c o n tin u e , 
b u t s lo w  d o w n  and  e v e n tu a lly  s to p . T h is  d e c lin e  in  s tim u lu s  re s p o n d in g  is w h a t is k n o w n  
as Extinction. T h e re fo re , w ith  p a r tia l  re in fo rc e m e n t, th e  ta rg e t b e h a v io u r  in c re a se s  and  
le ad s  to  a  g re a te r  re s ilie n c e  to  e x tin c tio n  (F e rs te r  &  S k in n e r, 1957).
T h e  sc h e d u lin g  o f  partial-reinforcement is im p o r ta n t in  m a in ta in in g  th e  ta rg e t 
b e h a v io u r . F o r e x am p le , a  p o k e r  m a c h in e  w o u ld  o n ly  h a v e  a  g o o d  h a n d  o n c e  in  a  few  
tu rn s . B u t th e  a n tic ip a tio n  o f  a  w in n in g  h an d  w o u ld  be  s u ff ic ie n t  to  k e e p  on  p la y in g . 
F e rs te r  &  S k in n e r (1 9 5 7 ) fo u n d  v a r ia b le  sch e d u le s  o f  p a r t ia l  re in fo rc e m e n t lead  to  th e  
lo n g e s t  e x tin c tio n  p e rio d s . V a ria b le  sc h e d u le s  c a n  ta k e  tw o  fo rm s, a  v a ria b le  ra tio  
sc h e d u le  su ch  as re in fo rc e m e n t o n c e  e v e ry  fiv e  tu rn s  o r  a  v a r ia b le  in te rv a l  s c h e d u le  su ch
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as  re in fo rc e m e n t o n c e  e v e ry  m in u te . T h e  a p p lic a tio n  o f  b e h a v io u r is t  th in k in g  in  th e  
d e s ig n  o f  c o m p u te r  g a m es  is d is c u s s e d  in  C h a p te r  3.
1.4 Motivation
Motivation e m b ra c e s  m a n y  c o n c e p ts  su c h  as n e ed s , in te re s ts , v a lu es , a ttitu d e s , 
a sp ira tio n s  an d  d e s ires . O u r  n e ed  to  s a tis fy  th e se  c o n c e p ts  se rv es  as o u r  m o tiv a tio n  (G a g e  
&  B e r lin g e r , 1991). M o tiv a tio n  is g o a l o r ie n ta te d . A  p e rs o n  s triv e s  to  a ch ie v e  so m e th in g  
and  fe e ls  m u c h  h a p p ie r  w h e n  su c c e ss fu l.
M o tiv a tio n  m a y  be intrinsic o r  extrinsic (M a lo n e , 1981). E x tr in s ic  m o tiv a tio n  is 
c o n s id e re d  to  be e x te rn a l in f lu e n c e s  d e te rm in in g  th e  p e r s o n ’s b e h av io u r . If, fo r  ex am p le , 
a c h ild  re c e iv e s  a sw e e t fo r  c o m p le tin g  a  ta sk , he  o r  she  re c e iv e s  a n  e x tr in s ic  re w ard . If  
th e  ch ild  e n jo y s  d o in g  th e  ta sk , th e n  is sa id  th a t th e  ch ild  h as  so m e  in tr in s ic  m o tiv a tio n . 
D e v e lo p m e n ta l p sy c h o lo g is t P ia g e t b e lie v e d  in tr in s ic  m o tiv a tio n  is n e ed e d  fo r  d eep  
le a rn in g  (P ia g e t, 1951). F u r th e r  s tu d ie s  o n  in tr in s ic  m o tiv a tio n  d e te rm in e d  th a t im p o r ta n t 
sk ills  a re  d e v e lo p e d , su c h  as  le a rn in g  h o w  to  learn  (S h u lm a n  &  K e is la r, 1966). 
In d iv id u a ls  w h o  have  in tr in s ic  m o tiv a tio n  w h e n  d o in g  a  ta sk  h a v e  le ss  n eed  fo r  e x trin s ic  
re in fo rc e rs . H o w e v e r, fo r  s tu d e n ts  w ith  little  in tr in s ic  m o tiv a tio n  in a  g iv e n  ta sk  (e .g . 
le a rn in g  so m e  m a th s), p ro v id in g  a n o th e r  m o re  in tr in s ic a lly  m o tiv a tin g  ta sk  as  a  re in fo rc e r  
c a n  a id  in  th e  o v e ra ll in te re s t a n d  m o tiv a tio n . T h is  is w h a t is k n o w n  as  th e  P rem a c k  
p rin c ip le .
The Premack Principle im p lie s  th a t w h a t c h ild re n  do  o n  th e ir  o w n  in itia tiv e  can  
be u sed  as  re in fo rc e rs  fo r  ta sk s  w h ic h  a re  le ss  p re fe rre d  (P re m a c k , 1965). C h ild re n  e n jo y  
p la y in g  g a m e s  an d  fin d  th e m  in tr in s ic a lly  m o tiv a tin g . A  g a m in g  fo rm a t o r e le m e n ts  o f  
th e  g a m e  w h ic h  a re  in tr in s ic a lly  m o tiv a tin g  c a n  th e re fo re  be  u sed  to  fa c ili ta te  b o th  
e x tr in s ic  a n d  in tr in s ic  r e in fo rc e m e n t to  p e rs is t  o n  a  c o m p u te r  b ased  ta sk . I t  is  su g g es te d  
h o w  th is  m a y  be fa c ilita te d  in  C h a p te r  4 .
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P ro b a b ly  th e  m o s t in f lu e n tia l w o rk  in  th e  fie ld  o f  in s tru c tio n a l g a m e  d e s ig n  w a s  
d o n e  b y  M a lo n e  (1980, 1981). B a se d  o n  h is  s tu d ie s  o f  h ig h ly  m o tiv a tin g  c o m p u te r  
g a m e s , M a lo n e  (1 9 8 1 ) d e v e lo p e d  a  Theory of Intrinsically Motivating Instruction. T h is  
th e o ry  w a s  b ased  o n  th re e  c a te g o rie s : challenge, curiosity, and  fantasy} M an y  
re s e a rc h e rs  h a v e  u sed  M a lo n e ’s th e o ry  in  d e v e lo p in g  n ew  th e o r ie s  in  in s tru c tio n a l d e s ig n  
and  in te ra c tiv e  m u ltim e d ia  (IM M ) (L e p p e r  &  C h ab a y , 1992; W e s tro m  &  S h ab an , 1992; 
W y n n  &  O liv e r , 1996).
M a lo n e  (1980) fo u n d  th a t in o rd e r  fo r  a  g a m e  to  be  c h a lle n g in g  it m u s t p ro v id e  
g o a ls  w h o se  a tta in m e n t is u n c e r ta in . T h e  g am e  m u s t be p e rs o n a lly  m e an in g fu l. T h e  
p e rs o n  p la y in g  th e  g a m e  m u s t be a b le  to  id e n tify  a n d  u n d e rs ta n d  w h a t is  e x p e c te d  in  th e  
g a m e. T h e  g o a ls  c a n  b e  f ix e d  o r  e m e rg e n t. F ix e d  g o a ls  a re  o b v io u s , in  th a t th e y  a re  
p re d e te rm in e d  by  c u ltu ra l c o n v e n tio n  (C s ik sz e n tm ih a ly i, 1975). E m e rg e n t g o a ls  a re  see n  
in  c o m p u te r  p ro g ra m s  su c h  as  LOGO (P ap e rt, 1980) o r  d ra w in g  p a c k a g e s . T h e  g o a ls  
w o u ld  b e  d e te rm in e d  b y  th e  u se r a n d  w o u ld  be seen  a t th e  e n d -p ro d u c t s tage . M a lo n e  
(1981) a rg u e s  th a t in  o rd e r  to  be m o tiv a te d  by  a  c e r ta in  g o a l, th e  u se r  n eed s  so m e  
p e rfo rm a n c e  fe e d b a c k  to  u n d e rs ta n d  i f  th e  g o a l h a s  b e en  a ch ie v e d .
1.5.1 Challenge
M a lo n e  (1 9 8 1 ) fo u n d  th a t th e  u n c e r ta in ty  o f  o u tc o m e  is  n e c e s sa ry  in  o rd e r  fo r  th e  
g a m e  to  be  c h a lle n g in g . H e  o u tlin e s  fo u r  g e n e ra l w a y s  in  w h ic h  th e  g o a ls  c a n  be  m a d e  
u n c e r ta in . F irs tly , m o s t g a m es  h a v e  variable difficulty levels. T h e se  c a n  be a u to m a tic a lly  
d e te rm in e d  b y  th e  g a m e, c h o se n  b y  th e  u se r , o r  d e te rm in e d  by  th e  o p p o n e n ts  sk ill. 
S e c o n d ly , th e re  m a y  e x is t multiple level goals. T h e se  c a n  b e  o f  th e  sam e  ty p e  re p e a te d  
d u rin g  th e  g a m e, w h ic h  v a ry  in d if f ic u lty , o r  th e  u se  o f  p ro b le m  so lv in g  sk ills  in  o rd e r  to  
a tta in  th e se  g o a ls  fa s te r  o r  m o re  e ff ic ie n tly . Hidden information c o n s ti tu te s  a n o th e r  
c h a lle n g e  to  th e  g a m e -p la y e r. F in a lly , randomness is in c lu d e d  to  m a k e  th e  a tta in m e n t o f
1.5 Malone’s Theory of Intrinsically Motivating Instruction
1 It is im portan t to  note, how ever, that M alone’s theory was based on w hat m ade gam es fun and 
not w hat m ade them  educational.
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g o a ls  u n c e r ta in . R a n d o m n e ss  is fa c ili ta te d  b y  v a ry in g  p a r tia l  re in fo rc e m e n ts  and  thus, 
in c re a se  th e  d e s ire  to  p e rs is t  (F e rs te r  a n d  S k in n e r, 1957).
1.5.2 Fantasy
T h e  e le m e n t o f  fantasy c a n  be  in c lu d e d  in  g a m e s  to  in c re a s e  m o tiv a tio n  an d  is 
d e fin e d  as  “ m e n ta l im a g e s  o f  th in g s  n o t p re se n t to  th e  s e n se s  o r  w ith in  th e  a c tu a l 
e x p e r ie n c e  o f  th e  p e rs o n  in v o lv e d ” (M a lo n e , 1981 , p .3 6 0 ). F a n ta s ie s  c a n  be in d u c ed  
w h e n  th e  g a m e  c a lls  fo r  u se  o f  m e n ta l re p re se n ta tio n s  s u c h  as  v is u a l im a g e ry  (th is  c an  be 
a u d ito ry  a lso )  in  o rd e r  to  so lv e  p ro b le m s  d u r in g  th e  g am e. M a lo n e  (1 9 8 1 ) o u tlin e s  bo th  
e x tr in s ic  a n d  in tr in s ic  fa n ta s ie s . Extrinsic fantasies a re  th o s e  th a t  d e p e n d  o n  th e  u se  o f  a 
sk ill b u t n o t v ic e  v e rsa . T h e  u s e r ’s in p u t h as  an  e f fe c t  o n  th e  fa n ta sy  p ro v id e d  by  th e  
c o m p u te r  (e .g ., H A N G M A N ). Intrinsic fantasies d e p e n d  o n  th e  u se  o f  a  sk ill an d  th e  sk ill 
b e in g  d e p e n d e n t on  th e  u se  o f  th e  fa n ta sy , (e .g ., T E T R IS ). M a lo n e  (1 9 8 1 , p .3 61 ) based  
o n  o n e  re s e a rc h  s tu d y  c la im s  th a t  “ in  g e n e ra l, in tr in s ic  fa n ta s ie s  a re  b o th  (a) m o re  
in te re s tin g  an d  (b) m o re  in s tru c tio n a l th a n  e x tr in s ic  fa n ta s ie s ” . A  fu r th e r  e la b o ra tio n  o f  
th e  fa n ta sy  e le m e n ts  o f  g a m es  in  g iv e n  in  C h a p te r  3.
1.5.3 Curiosity
C o n tin u e d  p la y in g  o f  a  g a m e  d e p e n d s  o n  th e  d e g re e  to  w h ic h  g a m e  c o m p o n e n ts  
can  c o n tin u e  to  a ro u se  an d  sa tis fy  o n e ’s c u r io s ity  (M a lo n e , 1 981 ). M a lo n e  d is tin g u ish e s  
b e tw ee n  sensory curiosity ( th e  a ttra c tiv e , a tte n tio n  s u s ta in in g , a u d io -v isu a l e ffe c ts  on  
sc reen ) an d  cognitive curiosity ( th e  “ d e s ire  to  b rin g  b e tte r  “ fo rm ” to  o n e ’s k n o w le d g e  
s tru c tu re s ” ; p 3 6 3 ). In  try in g  to  re so lv e  cognitive curiosity, th e  in d iv id u a l a im s to  b ring  
c o m p le te n e s s , c o n s is te n c y  a n d  p a rs im o n y  to  fo rm e d  k n o w le d g e  s tru c tu re s  (o r sch em a ta ). 
M a lo n e  a lso  s ta te s  th a t  th e  in fo rm a tiv e  fe e d b a c k  g iv e n  to  th e  p la y e r  m u s t be  su rp ris in g  
(to  m a in ta in  th e  p la y e r ’s in te re s t)  a n d  c o n s tru c tiv e  (to  be  e d u c a tio n a l) . C o n s tru c tiv e  
fe e d b a c k  sh o u ld  he lp  th e m  se e  h o w  to  c h a n g e  th e ir  sch e m a ta .
17
T h is  c h a p te r  has  sh o w n  h o w  re s e a rc h e rs  f ro m  tw o  d isc ip lin e s  (C o g n itiv e  and  
B e h a v io u r is t)  v iew  th e  le a rn in g  p ro c e ss . M o tiv a tio n  is a lso  see n  as  th e  p rim ary  
c o n s id e ra tio n  fo r th e  d e s ig n  o f  in s tru c tio n a l e n v iro n m e n ts  (M a lo n e , 1980, 1981). 
M a lo n e ’s th e o ry  as  o u tlin e d  a b o v e  h a s  fo rm e d  th e  b asis  fo r  m a n y  su b se q u e n t th e o rie s  o f  
in s tru c tio n a l and  c o m p u te r -g a m e  d e s ig n . T h e o rie s  o f  in s tru c tio n a l d e s ig n  lo o k  at ho w  
le a rn in g  is b e s t su p p o rte d . T h e y  c a n  b e  e ith e r  be  p re sc r ip tiv e  o r  d e sc rip tiv e . “ D e sc rip tiv e  
p r in c ip le s  an d  th e o rie s  ta k e  se ts  o f  c o n d itio n s  an d  m e th o d s  as  g iv e n s  (c o n s tan ts )  and  
d e sc r ib e  th e  lik e ly  o u tc o m e s  as  v a r ia b le s  o f  in te re s t. In  c o n tra s t, p re sc r ip tiv e  p rin c ip le s  
and  th e o r ie s  ta k e  se ts  o f  c o n d itio n s  a n d  d e s ire d  o u tc o m e s  as g iv e n s  a n d  p re sc r ib e  th e  b est
m e th o d s   P re sc r ip tiv e  p r in c ip le s  a n d  th e o r ie s  a re  g o a l o rie n te d , w h e re a s  d e sc rip tiv e
o n e s  a re  g o a l f re e .”  (R e ig e lu th , 1983 , p . 22 ). as th e  v a ria b le  o f  in te re s t.
C h a p te r  2 lo o k s  at G a g n é ’s p re s c r ip tiv e  th e o ry  o f  in s tru c tio n  (G a g n é  1977; G a g n é  
e t  al, 1981). T h is  is th e n  a p p lie d  to  th re e  c o m p u te r-b a se d  fo rm a ts  fo r th e  d e liv e ry  o f  
in s tru c tio n a l m a te ria l. W ith  d e v e lo p m e n ts  in  th e  fie ld  o f  c o m p u te r-b a se d  in s tru c tio n , the  
s ec o n d  p a r t  o f  th e  c h a p te r  c o n s id e rs  v a r io u s  le a rn in g  m o d e ls  w h ic h  a re  m o s t a p p lic ab le  to  
m u ltim e d ia  d isp la y s  an d  h y p e rm e d ia  su c h  as th e  M a s te ry  le a rn in g  m o d e l (C a rro ll, 1963), 
th e  A R C S  m o tiv a tio n a l m o d e l (K e lle r , 1987) and  W y n n  &  O liv e r ’s (1 9 9 6 ) In te ra c tiv e  
m u ltim e d ia  m o tiv a tio n a l m o d e l.
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Chapter 2: Designing Instructional Environments
2.1 Instructional Design
D e s ig n in g  c o m p u te r  b ased  le a rn in g  e n v iro n m e n ts  is n e v e r  easy . A s w e ll as 
d e s ig n in g  c o n te n t fo r  le a rn in g , it is im p o r ta n t  to  n o te  w h a t o u tc o m e  o f  in s tru c tio n  is 
d e s ired . G a g n é  (1 9 7 7 ) o u tlin e s  fiv e  c a te g o r ie s  o f  le a rn in g  o u tc o m e s  o r  “c a p a b ilit ie s ” : (1) 
v e rb a l in fo rm a tio n ; (2 ) in te lle c tu a l sk ills  w h ic h  c o m p rise  o f  f iv e  su b o rd in a te  ty p es  
in c lu d in g  d isc r im in a tio n , c o n c re te  c o n c e p t, d e fin e d  c o n c e p t, ru le , an d  p ro b le m  so lv in g ;
(3) c o g n itiv e  s tra teg ie s ; (4) m o to r  sk ills ; an d  (5 ) a ttitu d e s . H e  a rg u e s  th a t  a ll le a rn in g  c an  
be c la s s if ie d  in to  o n e  o r  a n o th e r  o f  th e se  f iv e  v a rie tie s . W h ile  e a c h  o f  th e se  c a te g o rie s  a re  
d is tin c t f r o m  th e  o th e rs  in th e  c o n d itio n s  o f  th e ir  le a rn in g , G a g n é , W a g e r , and  R o ja s ,
(1 9 8 1 ) c o n s id e r  o n ly  th e  f ir s t  3 o u tc o m e s , as  th e y  a re  m o s t l ik e ly  to  b e  ta rg e te d  by  
c o m p u te r-b a se d  in s tru c tio n .
2.1.1 Verbal information
V e rb a l in fo rm a tio n  c o n s ti tu te s  th e  m e m o ry  o f  w o rd s , p h ra s e s  o r  sen ten ces . It 
in v o lv e s  th e  re c o lle c tio n  o f  e v e ry d a y  n a m es , la b e ls , se n te n c e s  an d  o rg a n is e d  b o d ie s  o f  
s e m a n tic a lly  re la te d  p ro p o s itio n s , su ch  a s  a re  fo u n d  in  c o n n e c te d  d isc o u rse . G a g n é  
(1 9 7 7 ) c a lls  th is  v e rb a l in fo rm a tio n , n o t  n e c e s sa r ily  b e c a u se  it w as  s to re d  in  v e rb a l f o r m  
b u t w h e n  c u e d  fo r  re c a ll  f ro m  m e m o ry , th e  s tu d e n t is ab le  to  ‘s ta te ’ it. V e rb a l m e m o ry  is 
o rg a n ise d  in  th e  b ra in  an d  is  re tr ie v e d  in  so m e  s tru c tu re d  m a n n e r . T h e  re tr ie v a l  o f  
in fo rm a tio n  is fa c ili ta te d  w h e n  th e  s tu d e n t is su p p lie d  w ith  e x te rn a l c u e s  (G a g n é  &  
B rig g s , 1 9 7 9 ). T h e se  c u e s  m a y  be th e  u se  o f  m n e m o n ic  d e v ic e s  o r  m e d ia tio n a l  s tra teg ies . 
A n  e x a m p le  o f  a  m n e m o n ic  d e v ic e  m a y  be  th e  u se  o f  a  sen te n c e  to  re m e m b e r  th e  o rd e r  o f  
th e  p la n e ts , w ith  th e  f ir s t  le tte r  o f  e v e ry  w o rd  re fe rr in g  to  th e  n a m e  o f  a  p la n e t . S im ila rly , 
m e d ia tio n  c a n  be  u se d  to  a id  th e  a c q u is itio n  a n d  re c a ll  o f  in fo rm a tio n . T h is  in v o lv e s  
c re a tin g  m e a n in g fu l lin k s  to  p re v io u s ly  le a rn e d  m a te ria l. A n  e x a m p le  o f  an  e ffe c tiv e  
m e d ia to r  is  th e  u se  o f  im a g e ry , a n d  is  c o m m o n ly  u sed  as  a  te c h n iq u e  w h e n  te ac h in g  
y o u n g  le a rn e rs . B rig g s  &  W a g e r  (1 9 8 1 ) in  a  fu r th e r  c la s s if ic a tio n  o f  le a rn in g  o u tc o m e s,
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d is c r im in a te  b e tw e e n  v e rb a tim  le a rn in g  ( th e  le a rn in g  o f  n a m es  &  la b e ls) , n o n -v e rb a tim  
le a rn in g  (su c h  as  fac ts ) , and  su b s ta n c e  le a rn in g  (e .g . o rg a n ise d  in fo rm a tio n ).
2.1.2 Intellectual skills
W h ile  th e  le a rn in g  o f  v e rb a l in fo rm a tio n  re fe rs  to  a c q u ir in g  d e c la ra tiv e  
in fo rm a tio n  o r  ‘k n o w le d g e  th a t ’, in te lle c tu a l sk ills  re fe r  to  th e  a b ility  o f  ‘k n o w in g  h o w ’ 
o r p ro c e d u ra l k n o w le d g e . O fte n  th e  m in d  n e e d s  to  u se  so m e sy m b o lic  o p e ra tio n s  in  o rd e r  
to  u n d e rs ta n d  n e w  in fo rm a tio n . T h e  le a rn e d  c a p a b il i ty  to  m a n ip u la te  su ch  sy m b o ls  
c o n s ti tu te s  an  in te lle c tu a l sk ill. P ro c e d u ra l  k n o w le d g e  is o f te n  a sso c ia te d  w ith  v e ry  
e ffic ie n t, a u to m a tic  b e h a v io u rs  (H a rv e y  &  A n d e rso n , in  p re ss). In te lle c tu a l sk ills  in c lu d e  
discrimination, concrete concept and  defined concept.
Discrimination. T h is  re fe rs  to  th e  a b ili ty  to  d if fe re n tia te  d if fe re n t p a rts  o f  the  
e n v iro n m e n t, su ch  as  c o lo u rs , sh ap es  a n d  s ize s . A s w e  g e t o ld e r  an d  g a in  e x p e rie n c e , th is 
le a rn ed  a b ility  b e c o m e s  p ro g re s s iv e ly  m o re  re f in e d  a n d  c o m p le x . G a g n é  (1 9 7 7 ) su g g es ts  
an  e n v iro n m e n t in  w h ic h  th e  c o n d it io n s  o f  le a rn in g  a re  fa c ilita te d . T h e  se lec tiv e  
re in fo rc e m e n t o f  s tu d e n t re sp o n se s  h e lp s  le a rn in g  h o w  to  d is c r im in a te  b e tw ee n  d iffe re n t 
ty p es  o f  s tim u li. W ith  th e  in c re ase  in  tr ia ls , a  se le c tiv e  p o s itiv e  re in fo rc e m e n t o f  c o rre c t 
re sp o n se s  (w ith  no  re in fo rc e m e n t o f  in c o rre c t  a n sw e rs ) g iv es  r is e  to  e x tin c tio n  o f  
in c o rre c t d is c r im in a tio n s . A lso , g iv in g  e x a m p le s  as  w e ll a s  n o n -e x a m p le s  h e lp s  fo s te r 
d is c r im in a to ry  sk ills .
Concrete concept. T h e  le a rn in g  o f  so m e  c o n c e p ts  is c o n c re te  in  th a t th e y  a re  
d ire c tly  o b se rv a b le . T h e se  in c lu d e  c o n c e p ts  su ch  as  sp a tia l re la tio n sh ip s  (e .g ., 
u n d e rn e a th ) , o b je c t p ro p e r tie s  (e .g ., a  ‘s q u a re ’ b o x ) and  sp a tia l d ire c tio n s  (e .g ., tu rn in g ). 
T h e se  c o n c e p ts  c a n  be  id e n tif ie d  by  a  d e sc r ip tio n  o r  b y  s im p ly  p o in tin g  th e m  ou t.
Defined concept. A  d e fin e d  c o n c e p t is a  ru le  th a t c la ss if ie s  o b je c ts  o r  ev en ts . T h e  
w o rd  ‘n e p h e w ’ is  an  e x a m p le  o f  th is  ty p e  o f  c o n c e p t. M ere ly  p o in tin g  a t th e  in d iv id u a l 
w o u ld  n o t  be su ff ic ie n t to  u n d e rs ta n d  th e  m e a n in g  o f  th e  w o rd . T h e re fo re , a  d e fin itio n  o f
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th e  c o n c e p t is re q u ire d  fo r  fu ll c o m p re h e n s io n . A  p e rso n  w h o  has  a c q u ire d  a  d e fin e d  
c o n c e p t has  le a rn e d  th e  ru le s  th a t g o v e rn  it an d  is  a b le  to  a p p ly  it to  a n y  in s ta n ce  o f  th e  
c lass.
Rule. T h e  le a rn e r  a c q u ire s  a  ru le  w h en  he  o r  she  can  re sp o n d  to  a  c la s s  o f  s tim u lu s  
s itu a tio n s  w ith  a  c la s s  o f  p e rfo rm a n c e s . In o th e r  w o rd s , th e  le a rn e r  c a n  sh o w  w h a t is 
m e an t by  th e  ru le  w h e n  o n e  o r  m o re  n ew  in s ta n c e s  a re  e n c o u n te re d . T h e  ru le  is a  re la tio n , 
re fe rr in g  to  tw o  o r  m o re  c o n c e p ts  (e .g ., a  ru le  o f  a lg e b ra , su c h  as  c o m m u ta tiv ity  
(a * b = b * a)) . T h e  le a rn in g  o f  ru le s  is re in fo rc e d  w h e n  it is u se d  in  a  v a r ie ty  o f  e x am p les . 
F u r th e rm o re , ru le s  w h ic h  h a v e  b een  le a rn e d  in  o n e  c o n te x t can  be d ire c tly  tra n s fe rre d  in 
a n o th e r  s im ila r  c o n te x t (S in g le y  &  A n d e rso n , 1989).
Problem Solving. H ig h e r  o rd e r  ru le  le a rn in g  (o r  p ro b le m  so lv in g ) in v o lv es  the  
c o m b in a tio n  o f  su b o rd in a te  ru les  in o rd e r  to  so lv e  a  p ro b le m . In a d d itio n , th e  le a rn e r 
m u s t be a b le  to  d e c id e  w h ic h  ru le s  a re  m o s t a p p ro p ria te  fo r w o rk in g  o u t th e  so lu tion . 
T h is  in v o lv e s  th e  u se  o f  v a r io u s  s tra te g ie s  and  th e  a p p ro p ria te  u se  o f  a v a ila b le  re so u rce s . 
F o r e x am p le , w h e n  p ro g ra m m in g , th e  p ro v is io n  o f  c o n s tru c ts  su ch  as ‘lo o p s ’, ‘if  
s ta te m e n ts ’ an d  ‘r e c u r s io n ’, a id  th e  u se r to  so lv e  th e  p ro b le m  o f  w ritin g  a c o m p u te r  
p ro g r a m  H o w e v e r , su ch  a ss is ta n c e  c an  a lso  be lim itin g  in  th a t it c o n fin e s  th e  in d iv id u a l’s 
c re a tiv ity  to  w h a t th e  s y s te m  is c a p a b le  o f  p e rfo rm in g . T h e re fo re , th e  p ro b le m  to  be 
so lv ed  is n o t o n ly  th e  c o n c e p tu a l d e s ig n  o f  w h a t th e  p ro g ra m  sh o u ld  d o , b u t a lso  th e  
p ro b le m  o f  u s in g  th e  to o ls  a v a ila b le  d u rin g  th e  p ro g ra m m in g  p h a se .
2.1.3 Cognitive strategies
C o g n itiv e  s tra te g ie s  fo rm  a  s ig n if ic a n t p a r t  o f  p ro b le m  so lv in g . T h e y  re p re se n t th e  
a b ility  to  c o n tro l  a n d  m a n a g e  o th e r  p ro c e ss e s  o f  a tte n d in g , le a rn in g , re m e m b e rin g , and  
th in k in g . T h e y  fo rm  an  a sp e c t o f  le a rn in g  su ch  as  ‘le a rn in g  to  le a rn ’, an  im p o r ta n t m o d u s  
o p e ra n d i in  a c q u ir in g  an d  su s ta in in g  n e w  in fo rm a tio n  (S h u lm a n  &  K e is la r , 1966).
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O n c e  th e se  le a rn in g  o u tc o m e s  h av e  b een  c la s s if ie d  fo r  th e  c o m p u te r-b a se d  task , 
th e  n e x t issu e  is to  id e n tify  th e  m e an s  w ith  w h ic h  to  ‘te a c h ’ th e  m a te ria l. In  ‘te a c h in g ’, 
th e  m a te ria l is p re s e n te d  v ia  d isp la y s  w ith  so m e  c h a n g in g  fe a tu re s  th a t a id  th e  a c q u is itio n  
o f  th e  m a te r ia l b e in g  le a rn e d . T h e  d isp la y s  su p p o r t o r  e n h a n c e  th e  le a rn in g  o f  th e  
m a te r ia l b y  m e an s  o f  n u m e ro u s  s te p s  c a lled  events of instruction (G a g n é  e t  al., 1981). 
E ach  e v e n t fu n c tio n s  to  p ro v id e  the  e x te rn a l c o n d itio n s  fo r  le a rn in g  to  o c cu r.
T a b le  2.1 d e sc r ib e s  th e  re la tio n sh ip  b e tw e e n  e v e n ts  o f  in s tru c tio n  to  in te rn a l 
le a rn in g  p ro c e ss e s  (G a g n é  e t  a l ,  1981). G a g n é  an d  h is  c o lle a g u e s  a rg u e  th a t in  any  
c o m p le te  a c t o f  le a rn in g , th e re  m u s t be n in e  e v e n ts  o f  in s tru c tio n , as  s h o w n  in  th e  rig h t 
hand  c o lu m n . T h e se  e v e n ts  sh o u ld  s a tis fy  o r  p ro v id e  th e  n e c e s sa ry  c o n d itio n s  fo r 
le a rn in g  and  se rv e  as  th e  b a s is  fo r d e s ig n in g  in s tru c tio n  an d  se le c tin g  a p p ro p ria te  m ed ia  
(G ag n é , B rig g s  &  W ag e r, 1992). T h e  e ffe c tiv e  d e s ig n  o f  a  c o m p u te r  a ss is te d  learn in g  
p a c k a g e  m a y  d e p e n d  o n  v a ry in g  th e  e m p h a s is  o f  e a c h  o f  th e  n in e  e v e n ts  o f  in s tru c tio n . 
F o r e x am p le , if  a  c h ild  h as  little  e x p e r ie n c e  o f  c o m p u te rs  in  g e n e ra l, th e  f irs t e v en t o f  
g a in in g  a tte n tio n  m a y  b e  le ss  im p o r ta n t as th e  ch ild  is  a lre a d y  a le r t. H o w e v e r , th e  te ac h e r 
m ay  n eed  to  e n su re  th a t th e  c h ild  is  w a tc h in g  th e  s c re e n  an d  n o t ju s t  th e  k e y b o a rd  
(G ag n é , W a g e r  &  R o ja s , 1981). T h e  sec o n d  e v e n t m ay  a lso  d e p e n d  o n  th e  c h i ld ’s p rio r  
e x p e r ie n c e  in  u n d e rs ta n d in g  th e  le sso n  o b je c tiv e s .
2.2 Gagné’s Events of Instruction
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T a b le  2.1
In te rn a l P ro c e s se s  o f  le a rn in g  an d  th e  E x te rn a l In s tru c tio n a l 
E v e n ts  W h ic h  M a y  B e  U se d  to  S u p p o r t T h em . R e p ro d u c e d  fro m  G a g n é  e t al. (1 9 8 1 )
In te rn a l le a rn in g  P ro ce ss E x te rn a l in s tru c tio n a l e v e n t
A le rtn e ss 1. G a in in g  A tte n tio n
E x p e c ta n c y 2. In fo rm in g  le a rn e r  o f  le s so n  o b je c tiv e s
R e tr ie v a l to  w o rk in g  m e m o ry 3. S tim u la tin g  re c a ll  o f  p r io r  lea rn in g
S e le c tiv e  p e rc e p tio n 4. P re se n tin g  s tim u li w ith  d is tin c tiv e  fe a tu re s
S e m a n tic  e n c o d in g 5. G u id in g  lea rn in g
R e trie v a l a n d  re sp o n d in g 6. E lic it in g  p e rfo rm a n c e
R e in fo rc e m e n t 7. P ro v id in g  in fo rm a tiv e  fe e d b a c k
C u e in g  re tr ie v a l 8. A sse ss in g  p e rfo rm a n c e
G e n e ra lis in g 9. E n h a n c in g  re te n tio n  an d  le a rn in g  tra n s fe r
D e s ig n in g  c o m p u te r  b ased  le a rn in g  e n v iro n m e n ts  is o fte n  d riv e n  b y  th e o re tic a l 
a s su m p tio n s  a b o u t h o w  th e  le a rn in g  p ro c e ss  o c c u rs  an d  is b e s t e n h an c e d . B e h a v io u r is ts  
(S k in n er , 1938, 1953; F e rs te r  &  S k in n e r, 1957) s tre ss  re p e a te d  s tim u lu s -re sp o n se  
e n v iro n m e n ts  w ith  c o n tin g e n t re w a rd s  as  a  m e a n s  o f  p ro m o tin g  le arn in g . C o n s tru c tiv is ts  
(P ap e rt, 1980; B ru n e r, 1 966 ), p o s tu la te  th a t le a rn in g  sh o u ld  be  a n  a c tiv e  p ro c e s s  w ith  th e  
le a rn e r  and  th e  e n v iro n m e n t. W ith  th e  p o p u la r i ty  o f  c o n s tru c tiv is t  th in k in g , a  sh ift has  
o c c u rre d  in  th e  d e s ig n  o f  n e w  e n v iro n m e n ts  fo r  in s tru c tio n  fro m  th e  b e h a v io u r is t  “ d rill 
and  p ra c tic e ”  so ftw a re , to  m o re  lo o se ly  d e f in e d  an d  o p e n  en d ed  s o ftw a re  to  fa c ilita te  
e x p lo ra tio n  and  d is c o v e ry  su c h  as  th e  p ro g ra m m in g  la n g u a g e  L O G O  (P a p e r t, 1980). 
S u ch  o p e n  e n d e d  s o f tw a re  is c o n s id e re d  to  be  m o re  c o n s tru c tio n a l th a n  in s tru c tio n a l, w ith  
e m e rg e n t ra th e r  th a n  f ix e d  g o a ls . F o r  te a c h in g  sp e c if ic  c o u rs e w a re  to  s tu d e n ts  c e r ta in  
p ro g ra m s  a re  u se d  re p e a te d ly  a n d  th re e  o f  th e  m o s t c o m m o n  fo rm a ts  a re  o u tlin e d  b e lo w .
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G a g n é , W ag e r, a n d  R o ja s  (1 9 8 1 ) o u tlin e  th re e  d if fe re n t ty p es  o f  c o m p u te r-b a se d  
in s tru c tio n  (C A I): drill and practice, simulations an d  tutorials. In  drill and practice 
e n v iro n m e n ts , th e  e m p h a s is  is o n  in s tru c tio n a l e v e n ts  6 &  7 , w h e re  th e  p ro g ra m  e lic its  a  
r e s p o n se  f ro m  th e  le a rn e r  an d  p ro v id e s  in fo rm a tiv e  fe e d b a c k  (se e  T a b le  2 .1 ). T h is  fo rm a t 
o f  q u e s tio n in g , a n sw e rin g  a n d  c o rre c tio n  fa c ilita te s  p ra c tic e  a n d  im p ro v e m e n t o f  e x is t in g  
k n o w le d g e . T h is  a llo w s  s tu d e n ts  to  p ra c tic e  o r  s tu d y  in fo rm a tio n  w ith  w h ic h  th e y  a re  
fa m ilia r  b u t n o t p ro f ic ie n t. G a g n é  (1 9 8 9 /8 2 ) o u tlin e s  th e  b e n e f its  o f  d r il l  an d  p ra c tic e  to  
a c h ie v e  a  le v e l o f  ‘a u to m a tic i ty ’ w ith  b asic  k n o w le d g e . T h e  b e n e f it  o f  d r il l  a n d  p ra c tic e  
s o f tw a re  is th e  p ra c tic e  o f  e x is t in g  c o g n itiv e  sk ills . S u c h  sk ills  a re  th o u g h t to  be a  
c o lle c tio n  o f  a u to m a tic  p ro c e s s e s  a n d  p ro c e d u re s  (S im o n  &  C h ase , 1973). A u to m a tic  
p ro c e ss in g  is fas t, e ffo rt le s s , a u to n o m o u s , s te re o ty p ic  an d  u n a v a ila b le  to  c o n sc io u s  
a w a re n e ss . G a g n é  (1 9 8 2 ) b e lie v e s  th a t  o n ly  th ro u g h  ‘a u to m a tic iz in g ’ b a s ic  k n o w le d g e  
c an  s tu d e n ts  h a v e  th e  s c o p e  an d  a b ility  to  a c c e p t fu r th e r  in fo rm a tio n .
Simulations. L ik e  a  d r il l  an d  p ra c tic e , s im u la tio n s  c o n ta in  in s tru c tio n a l e v e n ts  
su c h  as  e lic itin g  p e rfo rm a n c e  an d  p ro v id in g  fe e d b a c k  (G a g n é  e t  al, 1981). T h e y  a lso  
in c lu d e  th e  p re s e n ta tio n  o f  an  o b je c tiv e  an d  p re s e n t s tim u li in  th e  fo rm  o f  a  d e sc r ip tio n  o f  
th e  s ta tu s  o f  th e  c u rre n t sy stem . S im u la tio n s  p ro v id e  a n  e n v iro n m e n t fo r  le a rn in g  b o th  
c o u rs e  m a te r ia l an d  th e  p ra c tic e  o f  p ro b le m  so lv in g  sk ills . T h e  s im u la tio n  a llo w s  s tu d e n ts  
to  try  d if f e re n t a p p ro a c h e s  to  so lv in g  p ro b le m s  w ith  no  fe a r  o f  re p e rc u ss io n s  o u ts id e  th e  
s im u la tio n  fo r fa ilu re s . T h e  s im u la tio n  a llo w s  fo r  le a rn e r  c o n tro l, an  im p o r ta n t 
c o m p o n e n t fo r  e ffe c tiv e  in s tru c tio n a l so ftw a re  (K in z ie , 1990). W ith in  s im u la tio n s  th e re  is 
p ro v is io n  fo r  th e  le a rn e r  to  a c tiv e ly  p a r tic ip a te , ra th e r  th a n  re c e iv in g  th e  in fo rm a tio n  in  a  
p a s s iv e  w a y  (e .g ., te le v is io n , le c tu re s ) . T h e  le a rn e r  h a s  c o n tro l  a n d  is fre e  to  e x p lo re  
e m b e d d e d  c o n c e p ts  a n d  re la tio n sh ip s . T h is  is  d o n e  b y  m a n ip u la tin g  v a rio u s  p a ra m e te rs  o f  
th e  s y s te m  an d  s tu d y in g  th e  re s u lt  as  a  c h an g e  in  th e  s im u la tio n  e n v iro n m e n t (B e ish u ize n , 
1992).
Computer based tutorials. “ In  th is  fo rm  o f  in s tru c tio n , th e  le a rn e r  is  p re s e n te d  
w ith  a n  in s tru c tio n a l seq u e n c e , c o n s is tin g  o f  te x t p re se n ta tio n s , q u e s tio n s , and  fe e d b a c k ” 
G a g n é  e t  a l  (1 9 8 1 , p . 20 ). T h is  m a y  b e  a  lin e a r se q u e n c e  o r  b ra n c h ed , a lth o u g h  th e  lin e a r
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se q u e n c e  is m o s t c o m m o n  (G a g n é  e t  al, 1981). T h e  tu to r ia l p ro c e s s  g e n e ra lly  in v o lv e s  
th re e  e v e n ts  o f  in s tru c tio n , p re se n tin g  s tim u li to  be  le a rn e d , e lic itin g  re sp o n se s  to  
q u e s tio n s  o n  th e  su b jec t, an d  p ro v id in g  in fo rm a tiv e  fe e d b a c k . T h is  th re e -s te p  p ro c e ss  is 
o fte n  re p e a te d  to  fo rm  a  s in g le  le s so n  (se e  F ig u re  1). G a g n é  e t  al. (1 9 8 1 ) p ro p o se  th a t  th e  
tu to r ia l fo rm a t c a n  be e x p a n d e d  to  in c lu d e  m o re  e v e n ts  o f  in s tru c tio n  (see  F ig u re  2).
F ig u re  2 .1 . T y p ic a l p ro c e d u re  fo r  tu to r ia l p ro g ra m s : R e p ro d u c e d  f ro m  G a g n é  e t al. (1 9 8 1 ,
p . 20).
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re sp o n se
F ig u re  2 .2  P ro c e d u re  in c o rp o ra tin g  a d d itio n a l e v e n ts  o f  in s tru c tio n . R e p ro d u c e d  fro m  
G a g n é  e t  al. (1 9 8 1 , p . 20 ).
2.3 Multimedia and Hypermedia
T h e  e m e rg e n c e  o f  m u ltim e d ia -b a se d  a p p lic a tio n s  a n d  th e  a d v e n t o f  p o w e rfu l 
a u th o rin g  to o ls  su c h  a s  A u th o rw a re , has  re n d e re d  th e  d e s ig n  o f  m u ltim e d ia -b a se d  
e n v iro n m e n ts  a c c e ss ib le  to  all. M u ltim e d ia , by  d e f in itio n  re fe rs  to  m u lti (m e a n in g  m any) 
m e d iu m s  fo r  th e  re p re s e n ta tio n  o f  in fo rm a tio n . T h e  id e a  o f  m u ltim e d ia  in s tru c tio n  is n o t 
a  n ew  one . F o r  y e a rs  v a r io u s  fo rm s  o f  m e d ia  h a v e  b e en  u se d  in  sch o o ls  to  te a c h  s tu d en ts  
(e .g ., b o o k s , v id e o s , a u d io - ta p e s  e tc .) . T h e  u se  o f  d if fe re n t fo rm s  o f  m e d ia  h e lp s  s tu d en ts  
re m e m b e r  le a rn ed  m a te r ia l  b y  p ro v id in g  m o re  se n so ria l c u e s  fo r  re c a ll. T h is  a lso  a llo w s  
fo r  m o re  c o n n e c tio n s  to  b e  fo rm e d  in  th e  b ra in  d u r in g  th e  le a rn in g  p h a se . W ith  th e  
a d v a n c e m e n t in  te c h n o lo g y , th e  te rm  m u ltim e d ia  has  n o w  b e c o m e  a sso c ia te d  w ith  
c o m p u te r  s o f tw a re  e n c o m p a s s in g  te x t, g rap h ic s , a n im a tio n , v id e o  a n d  a u d io . T h e  te rm  is
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o fte n  w ro n g ly  u se d  in te rc h a n g e a b ly  w ith  ‘h y p e rm e d ia ’, a  c o n c e p t w h ic h  re fe rs  to 
a p p lic a tio n s  fo r  c o n su ltin g  m u ltim e d ia  in fo rm a tio n  so u rc es . A s M a y e s  (1 9 9 4 , p. 3) p o in ts  
o u t “ M u ltim e d ia  sy s te m s  a re  n o t p r im a rily  d e fin e d  by  th e ir  d a ta  s tru c tu re s , b u t by  the  
n a tu re  o f  th e ir  c o m m u n ic a tio n ” .
W ith  m u ltim e d ia  p re se n ta tio n s , n a v ig a tio n  th ro u g h  sc re e n  d isp la y s  is o ften  
fa c ili ta te d  b y  c lic k in g  o n  sec tio n s  o f  th e  sc ree n . H y p e rm e d ia  in v o lv e s  th e  c lic k in g  on  
re le v a n t a re a s  (h y p e rlin k s )  in  te x ts , p ic tu re s ; v id e o , a n im a tio n  a n d  a u d io  w h ic h  a re  lin k ed  
to  o th e r  d isp la y s . H y p e rte x t re fe rs  to  lin k in g  p ie c e s  o f  te x t  on ly . H y p e rm e d ia  im p lic itly  
a d v o c a te s  h o w  to  a cc e ss  in fo rm a tio n  e le m e n ts  and  h o w  to  c r is s -c ro s s  in  in fo rm a tio n  
sp a c e  (K o m m e rs , 1996). B ro w sin g  a n d  n a v ig a tio n  a re  tw o  m a in  c o n s ti tu e n ts  o f  
h y p e rm e d ia , p ro v id in g  fo r  m a x im u m  le a rn e r  c o n tro l. H y p e rte x t o r  h y p e rm e d ia  sy s te m s  
h a v e  th re e  m a in  c h a ra c te r is tic s : (1 ) a  d a ta b a se  o f  in fo rm a tio n  (c a lle d  n o d e s  o r  fram es):
(2 ) m a c h in e  s u p p o rte d  lin k s  b e tw e e n  th e se  n o d e s  th a t a llo w  fo r  ra p id  m o v e m e n t th ro u g h  
th e  in fo rm a tio n : and  (3) a  c o n s is te n t u se r  in te rfa c e  fo r  in te ra c tin g  w ith  th e  h y p e rte x t 
/h y p e rm e d ia  (C o n k lin , 1987). U se rs  can  fin d  m o re  in fo rm a tio n  b y  e x p lo rin g  the  
e n v iro n m e n t and  by  fo llo w in g  lin k s  th a t  c a n  e la b o ra te  o n  se le c te d  to p ic s . T h e  g o a l o f  
h y p e rm e d ia  is to  a ss is t s tu d e n ts  in  e x p lo r in g  re la tio n s , th ro u g h  p ro v id in g  a r ic h  a rra y  o f  
in fo rm a tio n  (D u ffy  a n d  K n u th , 1990).
T h e re  a re  v a rio u s  p e d a g o g ic  u n d e rp in n in g s  a sso c ia te d  w ith  h y p e rm e d ia . T h e  
e x p lo ra tio n  o f  in fo rm a tio n  is le a rn e r  d ire c te d , w ith  th e  a b ility  to  fo llo w  lin k s  to  o th e r 
p ie c e s  o f  in fo rm a tio n  o f  in te re s t to  th e  s tu d en t. In tro d u c in g  h y p e rm e d ia  in to  the  
c la s s ro o m  c a n  be  d iff ic u lt, as  m a n y  c h ild re n  a re  n o t c ap a b le  o f  u s in g  th e  s y s te m  p ro p e rly . 
I t  seem s th a t  th e re  a re  tw o  p re re q u is ite s  to  th e  in tro d u c tio n  o f  a  h y p e rm e d ia  sy s te m  in to  a  
c la s s ro o m  F irs tly , w h e n  p re p a r in g  a  h y p e rm e d ia  s e ss io n , th e  te a c h e r  sh o u ld  u n d e rs ta n d  
w h a t lin k s  th e  s tu d e n ts  a re  lik e ly  to  fo llo w  a n d  th u s  g u id e  th e  s tu d e n ts ’ learn in g . 
F u r th e rm o re , s tu d en ts  sh o u ld  b e  t ra in e d  in  h o w  to  u se  th e  h y p e rm e d ia  as a  c o g n itiv e  
le a rn in g  to o l. T h is  e n h a n c e s  cognitive flexibility an d  metacognition (K o m m e rs , 1996). 
Cognitive flexibility re fe rs  to  le a rn in g  in  c o m p le x  and  ill- s tru c tu re d  d o m a in s  a n d  is 
d e f in e d  as  “  th e  a b ility  to  s p o n ta n e o u s ly  re s tru c tu re  o n e 's  k n o w le d g e , in  m a n y  w a y s , in
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a d ap tiv e  re s p o n se  to  ra d ic a l ly  c h a n g in g  s i tu a tio n a l d e m an d s . T h is  is a  fu n c tio n  o f  b o th  
th e  w a y  k n o w le d g e  is re p re se n te d  (e .g ., a long  m u ltip le  ra th e r  s in g le  c o n c e p tu a l 
d im e n s io n s)  a n d  th e  p ro c e sse s  th a t  o p e ra te  o n  th o se  m e n ta l re p re se n ta tio n s  (e .g ., 
p ro c e sse s  o f  sc h e m a  a sse m b ly  ra th e r  th a n  in ta c t  sch e m a  re tr ie v a l)"  (S p iro  &  Jeh n g , 1990, 
p. 165). Metacognition is k n o w in g  w h a t y o u  k n o w  an d  k n o w in g  h o w  y o u  learn .
In te ra c tiv e  m u ltim e d ia  ( IM M ) c o m b in e s  th e  m u ltip le  fo rm s  o f  in fo rm a tio n  
th ro u g h  v isu a l a n d  a u d ito ry  fo rm a ts  w ith  th e  in te ra c tiv ity  fo u n d  in  m o s t c o m p u te r  gam es. 
M o s t m o d e rn  c o m p u te r  b a se d  ta sk s  h a v e  a  m u ltim e d ia  c o n te n t, b u t th e  c o m p u te r -u s e r  
in te ra c tio n  c a n  be  m a d e  m o re  n o v e l fo r  th e  u se r  w ith  IM M . I t  fo c u se s  m o re  o n  th e  
a ffe c tiv e  d o m a in , e n c o u ra g in g  le a rn in g  th ro u g h  ‘e d u ta in m e n t’ w ith  a p p e a lin g  g ra p h ic s , 
p ic tu re s , and  so u n d . A lth o u g h  m o s t e d u ta in m e n t s o ftw a re  p ro m o te s  sen so ry  c u rio s ity  
ra th e r  th an  c o g n itiv e  c u r io s ity  (M a lo n e , 1 981 ), it is n e v e r th e le ss , a  h ig h ly  e n g a g in g  and  
m o tiv a tin g  m e th o d  o f  learn in g .
M ay e s  (1 9 9 4 ) su g g e s ts  so m e  g u id e lin e s  fo r  th e  d e s ig n  o f  m u ltim e d ia  in te rfaces . 
T h e  fo rm  o f  th e  p re se n ta tio n  sh o u ld  b e  d e te rm in e d  by  th e  n a tu re  o f  th e  ‘m e n ta l m o d e l’ 
th e  u se r  p o sse sse s . I f  it is n a tu ra l fo r  th e  le a rn e r  to  u se  ‘v is u a l is a tio n ’ in  o rd e r  to  p ro c e ss  
in fo rm a tio n , th e n  th e  d a ta  sh o u ld  b e  p re s e n te d  g ra p h ic a lly ; i f  it is p ro c e sse d  v e rb a lly , so  
to o  sh o u ld  th e  p re s e n ta tio n  p re s e n t a u d ito ry  in fo rm a tio n , b u t fo llo w e d  by  a n  in te rv a l fo r 
tra n s fe rr in g  to  m e m o ry . M ay e s  a d v ise s  th a t m e n ta l p ro c e sse s  (v isu o -sp a tia l and  v e rb a l)  
such  n o t b e  p e rfo rm e d  c o n c u r re n tly  in  o rd e r  to  m in im ise  n e g a tiv e  in te rfe re n c e . In  th e  
e v e n t o f  in fo rm a tio n  o v e rlo a d , a  c h a n g e  in  m o d a lity  is lik e ly  to  re c a p tu re  th e  a tte n tio n  o f  
th e  le a rn e r .
2.4 Models of Effective Instruction
2.4.1 Mastery Learning
T h e  p ro v is io n  o f  a  m u ltim e d ia  e n v iro n m e n t a llo w s  fo r  v a r io u s  m e th o d o lo g ie s  fo r 
c h ild re n ’s le a rn in g . O n e  s u c h  m o d e l is  M a s te ry  le a rn in g . M a s te ry  le a rn in g  su g g e s ts  th a t 
th e  fo c u s  o f  in s tru c tio n  sh o u ld  n o t  b e  th e  tim e  re q u ire d  fo r  d if fe re n t s tu d en ts  to  le a rn  th e
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sam e  m a te r ia l a n d  to  fo c u s  o n  d if fe re n t le v e ls  o f  a b ility  (C a rro ll, 1963). In  a  m a s te ry  
le a rn in g  e n v iro n m e n t th e  m a in  id e a  is  p ro v id in g  e n o u g h  tim e  fo r  a ll s tu d e n ts  to  a cq u ire  
th e  sam e  le v e l o f  u n d e rs ta n d in g . T h is  is a c c o m p lish e d  by:
(1 ) A  c le a r  sp e c if ic a tio n  o f  w h a t is to  be  le a rn ed  an d  h o w  it w ill be  e v a lu a te d .
(2 ) A llo w in g  s tu d e n ts  to  p a c e  th e ir  o w n  le a rn in g .
(3 ) A sse ss in g  s tu d e n t p ro g re s s  an d  p ro v id in g  a p p ro p ria te  fe e d b a c k  o r  
re m e d ia tio n .
(4 ) T e s tin g  th a t a  f in a l le a rn in g  c r ite r io n  has  b e en  a ch ie v e d .
B lo o m  (1 9 7 6 ) p ro p o se d  fo u r  m a in  h y p o th e se s  fo r a  m a s te ry  le a rn in g  m o d e l o f  
in s tru c tio n : F irs tly  a  n o rm a l p e rso n  c a n  le a rn  a n y th in g  th a t te a c h e rs  c a n  teach . S eco n d ly , 
in d iv id u a l le a rn in g  n e ed s  v a ry  g re a tly . T h ird ly , u n d e r  fa v o u ra b le  le a rn in g  c o n d itio n s , th e  
e ffe c ts  o f  in d iv id u a l d if fe re n c e s  a p p ro a c h  v a n ish in g  p o in t, w h ile  u n d e r  u n fa v o u ra b le  
le a rn in g  c o n d it io n s , th e  e ffe c ts  o f  in d iv id u a l d if fe re n c e s  is g re a tly  e x ag g e ra te d . F in a lly , 
u n c o rre c te d  le a rn in g  e r ro rs  a re  re s p o n s ib le  fo r  m o s t le a rn in g  d iff ic u ltie s . A  m a s te ry  
le a rn in g  e n v iro n m e n t p ro v id e s  fo r  s e lf - re g u la te d  le a rn in g , in c re a s in g  le a rn e r  co n tro l.
2.4.2 The ARCS Model
T h e  A R C S  m o d e l (K e lle r, 1984) w as d e v e lo p e d  as a  m e th o d  fo r  im p ro v in g  th e  
m o tiv a tio n a l a p p e a l o f  in s tru c tio n a l m a te ria ls . I t  d e fin e s  fo u r  m a in  c o n d itio n s  (A tten tio n , 
R e le v a n c e , C o n fid e n c e , an d  S a tis fa c tio n )  th a t h av e  to  be  a c h ie v e d  in  o rd e r  fo r  p e o p le  to  
b e c o m e  a n d  re m a in  m o tiv a te d  th ro u g h o u t th e  le a rn in g  sessio n .
2.4.2.1 Attention
A tte n tio n  sh o u ld  n o t  o n ly  b e  g a in e d  e a rly , b u t su s ta in e d  th ro u g h o u t th e  le sso n . 
T h is  c a n  b e  d o n e  th ro u g h  v a ry in g  th e  s e n so ry  an d  c o g n itiv e  c u r io s ity  o f  th e  g iv e n  ta sk . 
K e lle r  (1 9 8 7 )  g iv e s  so m e  s tra te g ie s  fo r  p ro m o tin g  a n d  su s ta in in g  a tte n tio n  u n d e r th e  
fo llo w in g  s ix  h e ad in g s :
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(i) C o n flic t: P ro v id e  in fo rm a tio n  to  c o n tra d ic t th e  u s e r ’s p a s t  e x p e r ien c e .
(ii) C o n c re te n e ss : G iv e  e x a m p le s  o f  e v e ry  in s tru c tio n a lly  im p o r ta n t c o n c e p t o r
p r in c ip le .
(iii) V a ria b ility : V a ry  th e  m e d iu m  o f  in s tru c tio n .
(iv) H u m o u r: U se  p la y s  o n  w o rd s  d u rin g  re d u n d a n t in fo rm a tio n  p re se n ta tio n )
(v) In q u iry  B u ild  o n  p ro b le m  so lv in g  a c tiv itie s  a t re g u la r  in te rv a ls .
(vi) P a rtic ip a tio n : U se  g a m es , ro le -p la y s , o r  s im u la tio n s  th a t  re q u ire  lea rn er
p a r tic ip a tio n .
2A.2.2 Relevance
R e le v a n c e  re fe rs  to  th e  re la t io n  to  th e  su b je c ts  liv es . S tra te g ie s  to  p ro m o te  
re le v a n c e  in c lu d e :
(a ) E x p e rie n c e : U se  a n a lo g ie s .
(b) P re se n t w o rth : S ta te  in tr in s ic  v a lu e  o f  m a te r ia l b e in g  le a rn ed .
(c) F u tu re  u se fu ln e ss
(d) N e ed  m a tc h in g : S a tis fy  n e e d s  fo r  a c h ie v e m e n t, a ff ilia tio n , e s ta b lish  tru s t  an d  p ro v id e  
n o -r isk  c o -o p e ra tiv e  in te rac tio n .
(e) M o d e llin g : M o d e l e n th u s ia s m  fo r  th e  s u b je c t ta u g h t.
(f) C h o ic e : P ro v id e  m e a n in g fu l a lte rn a tiv e  m e th o d s  fo r  a c c o m p lish in g  a  goal.
2A.2.3 Confidence
T h e  c o n fid e n c e  le v e l o f  th e  u s e r  is  im p o r ta n t in  a sc e r ta in in g  th e  a p p ro p ria te  
a p p ro a c h  to  in s tru c tio n . M a n y  in d iv id u a ls  w ith  h ig h  c o n f id e n c e  le v e ls  w o u ld  a ttr ib u te  
su cc e ss  in te rn a lly  (e .g . to  th e ir  o w n  p e rfo rm a n c e ) , w h e re a s  p e o p le  w ith  lo w  lev e ls  o f  
c o n f id e n c e  te n d  to  a ttr ib u te  a  g o o d  re s u lt  to  so m e th in g  e x te rn a l, (e .g  lu c k ) (W ein er, 1979; 
G re d le r , 1992). F e a r  o f  fa ilu re  is  a lso  an  im p o r ta n t  c o n s id e ra tio n  a s  th e re  a re  m a n y
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s tu d en ts  w h o  b e co m e  d is h e a r te n e d  w h e n  th e y  fa il  a t  a  ta sk . C o n se q u e n tly  th e  d e s ig n  o f  
in s tru c tio n  sh o u ld  a im  to  im p ro v e  c o n f id e n c e  th ro u g h o u t th e  sessio n . S tra teg ie s  fo r 
p ro m o tin g  c o n f id e n c e  in c lu d e :
(1) L e a rn in g  re q u ire m e n ts : G iv e  c le a r  g o a ls .
(2) D iff icu lty : S tru c tu re  le a rn in g  as  in c re a s in g  le v e ls  o f  d iff icu lty .
(3) E x p e c ta tio n s : H e lp  s tu d e n ts  se t re a lis t ic  goa ls .
(4) A ttr ib u tio n s : A ttr ib u te  s tu d e n t su cc e ss  to  e ffo rt; w h e n  i t ’s tru e .
(5) S e lf-c o n fid e n c e : A llo w  s tu d e n ts  to  b e c o m e  in c re a s in g ly  in d e p e n d e n t in  le a rn in g  and  
p ra c tic in g  a  sk ill.
2A.2A  Satisfaction
T h e  ‘fe e l g o o d ’ fa c to r  is  e s s e n tia l  to  th e  d e s ig n  o f  a n y  le a rn in g  e n v iro n m e n t. T h e  
s tu d e n t sh o u ld  fe e l p le a s e d  w ith  th e ir  w o rk  an d  re c e iv e  th e  a p p ro p ria te  fe e d b a c k  fo r th e ir 
e ffo rts . K e lle r  (1 9 8 7 ) o u tlin e s  so m e  s tra te g ie s  fo r  a d d in g  to  th e  s a tis fa c tio n  fe lt by  
s tu d en ts . T h e se  in c lu d e :
(1) N a tu ra l c o n se q u e n c e s : A llo w  s tu d e n t to  u se  a  n ew ly  a c q u ire d  s k ill a s  so o n  as 
p o ssib le .
(2) U n e x p e c te d  re w a rd s
(3) P o s itiv e  o u tc o m e s : G iv e  p ra is e  fo r  su c c e ss fu l p ro g re ss .
(4) N e g a tiv e  in f lu e n c e s : A v o id  th re a ts .
(5) S c h e d u lin g : V a ry  th e  sc h e d u le  o f  re in fo rc e m e n ts  in te rm s  o f  b o th  in te rv a l an d  
q u a n tity .
2.4.3 IMM and Motivation
T h is  m o d e l o f  in s tru c tio n  fo c u s e s  o n  e n su r in g  th e  m o tiv a tio n  o f  th e  u se r (W y n n  &  
O liv e r, 1 996 ). W y n n  &  O liv e r  c o n s id e r  th e  a ffe c tiv e  d o m a in  in  IM M  in s tru c tio n , an  
a sp e c t o f  m o s t c o m p u te r  b a se d  in s tru c tio n  w h ic h  is o fte n  o v e rlo o k e d . E ig h t le a rn e r
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e ffe c ts  a re  d e fin e d  fo r  b u ild in g  m o tiv a tin g  a n d  e n g a g in g  IM M . T h e se  in c lu d e  im m e rs io n , 
re f le c tio n , tra n s fe r , c o lla b o ra tio n , le a rn e r  c o n tro l, c u rio s ity , fa n ta sy , a n d  c h a lle n g e .
2.4.3.1 Immersion
Im m e rs io n  re fe rs  to  b o th  p h y s ic a l  a n d  p s y c h o lo g ic a l  e n g a g e m e n t in  a  c o m p u te r  
ta sk . T h e  e n g a g e m e n t is see n  to  be  m o re  th a n  ju s t  in th e  c o g n itiv e  d o m a in  a n d  is 
p r im a rily  an  e m o tio n a l re s p o n se  to  a c tiv itie s  (L a u re l, 1991). T h e  c o n c e p t o f  a  m ic ro w o rld  
fo r  in s tru c tio n  illu s tra te s  h o w  th is  im m e rs io n  m a y  be  fa c ilita te d . A  m ic ro w o rld  is a 
l im ite d  p o r tio n  o f  th e  re a l w o rld  w h o se  c h a ra c te r is tic s  c a n  be e a s ily  u n d e rs to o d  (P ap e rt, 
1980). T h e  in s tru c tio n  is b a se d  in  a n  e n v iro n m e n t in w h ic h  th e  le a rn e r  c a n  e x p lo re , m ak e  
c h o ic e s  an d  re c e iv e  fe e d b a c k  fo r  in p u ts  d u r in g  th e  sess io n . S o m e  e d u c a tio n a l a ttr ib u te s  
in c lu d e : s itu a te d  c o g n itio n , a n c h o re d  in s tru c tio n , a n d ro g y n o u s  e n v iro n m e n ts , th em e- 
b ased  a c tiv itie s  an d  s im u la tio n s  (W y n n  &  O liv e r , 1996). C s ik sz e n te m ih a ly i (1 9 9 0 ) in  his 
F lo w  T h e o ry  o f  o p tim a l e x p e r ie n c e  d e sc r ib e s  h o w  a d u lts  re a c h  a  s ta te  o f  h a p p in e s s  and  
sa tis fa c tio n  w h e n  o c c u p ie d  in  so m e  a c tiv ity . T h e y  b e c o m e  so e n g a g e d  (o r  im m e rse d ) th a t 
th e y  a p p e a r  to  be  c a rr ie d  w ith  th e  ‘f lo w ’ o f  th e  p ro c e d u re . H e  d e fin e s  f lo w  as  “ th e  s ta te  in  
w h ic h  p e o p le  a re  so  in v o lv e d  in  a n  a c tiv ity  th a t  n o th in g  e lse  s e e m s  to  m a tte r ; th e  
e x p e r ie n c e  is so  e n jo y a b le  th a t  p e o p le  w ill  d o  it e v e n  a t g re a t co s t, fo r  th e  sh ee r sak e  o f  
d o in g  it” (p .4 ) . F o r  e x am p le , a  c o m p e te n t p ro g ra m m e r  c o u ld  sp en d  h o u rs  le a rn in g  and  
u s in g  a  d if f ic u l t  p ro g ra m m in g  la n g u a g e  a n d  e n jo y  d o in g  so . C e r ta in  c o n d it io n s  a p p ly  fo r 
a  p e rs o n  to  e x p e r ie n c e  flo w . T h e y  m u s t b e  a b le  to  fo c u s  a tte n tio n . C s ik s z e n te m ih a ly i 
(1 9 9 0 ) ca lls  it “ p s y c h ic  e n e rg y ” b e c a u se  it a c ts  as th e  “fu e l” fo r  th e  r e s t  o f  c o n sc io u sn e ss . 
“ P sy c h ic  e n tro p y ” , in  c o n tra s t  h a p p en s  w h e n  so m e  d is tra c tio n  e n te rs  c o n sc io u s n e s s  and  
d iv e r ts  o u r a tte n tio n . E x p e rie n c in g  f lo w  is a lso  d e p e n d e n t on  p ro v id in g  an  o p tim a l 
c h a lle n g e  to  m a tc h  th e  in d iv id u a l’s a b ili ty  d u r in g  th e  ac tiv ity . T h is  is a n a lo g o u s  to  
M a lo n e ’s (1 9 8 0 ) th e o ry  o f  ‘T o y s ’ vs. ‘T o o ls ’. T h e  a c tiv ity  o r  c o m p u te r  p ro g ra m m in g  
la n g u a g e  is no  lo n g e r  se e n  as  a  to o l  b u t ra th e r  as  a  to y  w ith  w h ic h  to  p la y  w ith  and  
m a s te r .
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2.4.3.2 Reflection
W h ile  e n g a g e d  in  th e  a c tiv ity  o n  th e  sc re e n , th e  le a rn e r  is re f le c tin g  o n  th e  
m a te ria l b e in g  ta u g h t. T h e  m o re  tim e  e n g a g e d  in  th e  ta sk , th e  m o re  lik e ly  th e  le a rn e r  w ill 
a ss im ila te  th e  in fo rm a tio n  d isp la y e d  o n sc re e n . R e f le c tio n  is th e re fo re  a  tim e -b a sed  
p h e n o m e n o n . A  w e ll a c c e p te d  v iew  h e ld  in  le a rn in g  th e o ry  is th a t tim e  o n  ta s k  is h ig h ly  
c o rre la te d  w ith  m o tiv a tio n  an d  so m e  a c h ie v e m e n t. R e f le c tio n  in v o lv e s  su ch  c o m p o n e n ts  
as  h ig h e r o rd e r  th in k in g , p ro b le m  so lv in g  sk ills , e x p lo ra to ry  and  e x p e r ie n t ia l le a rn in g  
(R e sn ic k , 1987, c ite d  in  W y n n  &  O liv e r  , 1996). R e f le c tio n  c a n  be fa c ili ta te d  w ith in  
IM M  by  a n sw e rin g  q u e s tio n s , so lv in g  p ro b le m s , lo c a tin g  n ew  a re as  o f  in te re s t o n sc re e n
2.4.3.3 Transfer
T h e  p u rp o s e  o f  an y  in s tru c tio n a l e n v iro n m e n t is to  a id  th e  tra n s fe r  o f  lea rn ed  
sk ills  to  th e ir  u se s  in  th e  re a l  w o rld . E n s u r in g  th e  c lo se  re p re se n ta tio n  o f  a  re a l w o rld  
p h e n o m e n o n  (as  in  s itu a te d  le a rn in g  a n d  a n c h o re d  in s tru c tio n ) can  fa c ilita te  tran sfe r. 
W y n n  &  O liv e r  (1 9 9 6 ) su g g e s t th e m e -b a se d , re a l  w o rld  a c tiv itie s  p re s e n te d  in  v a rio u s  
s c e n a rio s  w ith  so m e  p ro b le m  so lv in g  to  a c c o m p lis h  th is  o b je c tiv e . T ra n s fe r  is e n h a n c e d  
by  su p p ly in g  a  v a r ie ty  o f  c o n te x tu a l c u e s  b e s id e s  th e  e s s e n tia l s tim u li fo r  lea rn in g . 
P ro v id in g  m u ltip le  e x a m p le s  w h en  d e m o n s tra t in g  le a rn e d  ru le s  c a n  e n h a n c e  in te lle c tu a l 
sk ills . V a ry in g  c o n te n t o f  p ro b le m s  fa c il i ta te s  re te n tio n  and  tra n s fe r  o f  c o g n itiv e  
s tra teg ie s , an d  m o to r  sk ills  c an  b e  p ra c tic e d  in  v a r io u s  e n v iro n m e n ts  w ith  so m e 
d is tra c tio n s  (su c h  as  n o ise ) to  aid  in  th e ir  tra n s fe r  to  re a l  life  (G a g n é , 1977).
2.4.3.4 Collaboration
W h ile  c o m p u te rs  h a v e  o fte n  b e e n  s e e n  as iso la te d  e n v iro n m e n ts , th e y  hav e  a 
la rg e  so c ia l c o m p o n e n t, e sp e c ia lly  w h e n  c o n s id e r in g  c o m p u te r  gam es. T h e  c o lla b o ra tio n  
c a n  b e  b e tw e e n  tw o  s tu d e n ts , a  te a c h e r  an d  a  s tu d e n t, o r  a  s tu d e n t an d  th e  co m p u te r. 
W h e re  fa c ilit ie s  a re  in s u ff ic ie n t to  a llo w  o n e  u s e r  p e r  c o m p u te r , c o lla b o ra tiv e  u se  o f  th e  
c o m p u te rs  is o f te n  a  n e c e ssa ry . T h is  n e c e s s ita te s  th e  u se  o f  e d u c a tio n a l p a c k a g e s  fo r
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so m e  c o m p u te r -b a se d  c o lla b o ra tiv e  lea rn in g . A lth o u g h  th e re  is o p p o s itio n  to  s tu d en t- 
s tu d e n t c o lla b o ra tio n  (L a u r illa rd , 1993), th e re  see m s to  be m u c h  su p p o rt in  th e  lite ra tu re  
o n  g ro u p -b a se d  in s tru c tio n . A c c o rd in g  to  Jo h n so n  an d  J o h n so n  (1 9 8 6 ) , th e re  is e v id e n c e  
th a t c o -o p e ra tiv e  te a m s  a c h ie v e  h ig h e r le v e ls  o f  th o u g h t and  re ta in  in fo rm a tio n  lo n g e r 
th an  s tu d e n ts  w h o  w o rk  q u ie tly  as  in d iv id u a ls . T h e  sh a red  le a rn in g  g iv e s  s tu d e n ts  an  
o p p o rtu n ity  to  e n g a g e  in  d is c u s s io n , ta k e  re s p o n s ib il i ty  fo r  th e ir  o w n  le a rn in g , and  th u s  
b e co m e  c r i t ic a l  th in k e rs  (T o tte n , S ills , D ig b y , &  R u ss , 1991). Jo h n so n , Jo h n so n  an d  
S tan n e  (1 9 8 5 ) m a x im is e d  le a rn in g  b y  m a k in g  g ro u p  m e m b e rs  c o lle c tiv e ly  re s p o n s ib le  fo r 
th e  p ro d u c t th e y  d e v e lo p e d .
2.4.3.4 Feedback
A s p a r t  o f  th e  c o lla b o ra tio n  b e tw e e n  th e  s tu d e n t an d  th e  c o m p u te r , fe e d b a c k  is an 
im p o r ta n t fe a tu re  in  a n y  m o d e l o f  in s tru c tio n . I t g iv e s  th e  le a rn e r  a  sen se  o f  h o w  he o r  she  
a re  p e rfo rm in g  an d  is n e e d e d  as  a  so u rc e  o f  c o n tin u in g  m o tiv a tio n  (L a u rila rd , 1993). 
In fo rm a tiv e  fe e d b a c k  s h o u ld  g ive :
(1) In fo rm a tio n  to  w h a t a n sw e rs  w e re  r ig h t an d  th o s e  th a t w e re  w ro n g .
(2) In fo rm a tio n  a b o u t th e  le a rn e rs  o u tp u t (e .g ., th e  c h a n g e  in  s ta te  o f  a  s im u la tio n  f ro m  a 
m a n ip u la tio n  o f  s o m e  o f  th e  p a ra m e te rs  o f  th e  sy stem ).
(3) (a) A  d ia g n o s is  o f  w h ic h  p a r t  o f  th e  o u tp u t w a s  w ro n g  and
(b) w h a t w a s  rig h t.
(4 ) A n  e x p la n a tio n  o f  w h y  th e  r ig h t a n sw e r w a s  r ig h t.
(5 ) A n  e x p la n a tio n  o f  w h y  th e  s tu d e n t 's  w ro n g  a n sw e r  w a s  w ro n g  (D ra p e r, 1997).
S o u rc e s  o f  fe e d b a c k  in c lu d e  th e  c o m p u te r , o th e r  s tu d en ts , th e  te a c h e r  an d  th e  
s tu d e n ts  th e m se lv e s . E a c h  so u rc e  w ill h a v e  a  d if fe re n t e ffe c t o n  th e  c h i ld ’s lea rn in g . 
F e e d b a c k  c a n  o c c u r  in  a n y  s e n s o ry  m o d a lity , b u t fo r  s im p lic ity , th e re  a re  tw o  m ain  
c a te g o rie s  in  C A I: V is u a l  a n d  A u d ito ry . V is u a l fe e d b a c k  can  be  in  th e  fo rm  o f  sp a tia l 
re p re se n ta tio n s  o n  th e  sc ree n , su ch  a s  p ic tu re s , g ra p h s  e tc . V e rb a l fe e d b a c k  is  n o n  sp a tia l 
and  re fe rs  to  te x t  (w o rd s  a n d  n u m b e rs )  o r  aud io  p re s e n te d  b y  th e  c o m p u te r  (R ie b e r e t al.,
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1996). R ie b e r e t a l (1 9 9 6 ) te s te d  s u b je c ts ’ e x p lic it  and  ta c i t2 k n o w le d g e  o f  th e  c o n te n ts  o f  
a  d isc o v e ry -b a se d  le a rn in g  e n v iro n m e n t o n  N e w to n ia n  p h y s ic s . H e  a n d  h is  c o lle a g u e s  
fo u n d  th a t g ra p h ic a l fe e d b a c k  w a s  su p e r io r  to  te x tu a l fe e d b a c k  fo r  h e lp in g  su b jec ts  
c o m p le te  th e  g am in g  a c tiv ity . T h e y  a lso  fo u n d  th a t su b jec ts  n e e d e d  le ss  in te ra c tio n  w ith  
th e  c o m p u te r  w h en  g ra p h ic a l  fe e d b a c k  w as  g iv en , su g g e s tin g  th a t  it is  e a s ie r  th a n  te x tu a l 
fe e d b a c k  to  e x tra c t th e  re le v a n t in fo rm a tio n . H o w e v e r , it w o u ld  s e e m  to  d e p e n d  on  th e  
q u a lity  o f  th e  g ra p h ic a l fe e d b a c k  in  an y  c o m p u te r-b a se d  ta sk .
T h e  d e p th  o f  fe e d b a c k  m a y  n e ed  to  be  a lte re d  as  to  f it th e  le a rn e r  an d  te a c h e r ’s 
need s . O fte n  c h ild re n  o f  p r im a ry  s c h o o l a g e  p re fe r  to  re c e iv e  p ra is e  f ro m  te a c h e rs  a s  a 
so u rc e  o f  fe e d b a c k  ra th e r  th a n  a  le n g th y  e x a m in a tio n  o f  th e ir  w o rk . T h is  fo rm  o f  
‘s h a llo w ’ fe e d b a c k  su its  b o th  th e  p u p il an d  th e  te a c h e r  as  it d o e s  n o t c o n su m e  to o  m u ch  
tim e  o r  in te rfe re  w ith  th e  e x e rc ise . E le m e n ts  w ith in  th e  c o m p u te r  p ro g ra m  (e .g ., a  sm all 
f ire w o rk  d isp la y ) c a n  p ro v id e  th e  c o n tin g e n t fe e d b a c k  n e e d e d  to  m a in ta in  in te re s t.
2.4.3.6 Learner Control
A n  im p o r ta n t c r ite r io n  in  th e  d e s ig n  o f  C A I is  h o w  m u c h  c o n tro l  to  g iv e  to  th e  
le a rn e r  o v e r  its  e n v iro n m e n t. L e a rn e r  c o n tro l re fe rs  to  th e  a b ility  o f  th e  le a rn e r  to  c h o o se  
h is o r  her o w n  p a th s , c o n te n t, p a c e  and  n a tu re  o f  th e  fe e d b a c k  th e y  re c e iv e  (R eev es , 
1990; c ite d  in W y n n  &  O liv e r, 1996). K in z ie  (1 9 9 0 ) o u tlin e s  th re e  m a in  is su e s  in 
in te ra c tiv e  lea rn in g : le a rn e r  c o n tro l, s e lf -re g u la tio n  a n d  o n g o in g  m o tiv a tio n  to  learn . 
R e se a rc h  in  le a rn e r  c o n tro l  h as  re v e a le d  th a t  g iv in g  to o  m u c h  c o n tro l  o v e r  th e  
e n v iro n m e n t d o e s  n o t im p ro v e  le a rn in g  as  le a rn e rs  d o  n o t m a x im ise  th e  p o te n tia l  o f  th e  
sy s te m , su g g e s tin g  th a t  g u id e d  le a rn in g  is su p e r io r  (H a n n a f in , 1 992 ). G iv in g  s tu d e n ts  th e  
c o n tro l o f  c o n te x tu a l fa c to rs  (su c h  as th e  s to ry  th e y  w a n t to  re a d )  le a d s  to  m o re  p o s itiv e  
a ttitu d e s  to w a rd s  th e  ta sk . H o w e v e r , n o t a ll s tu d e n ts  a re  m o tiv a te d  b y  p ro v id in g  th e m  
w ith  c o n tro l o v e r th e ir  le a rn in g  (R e ev e s , 1990). A  b a la n c e  b e tw e e n  le a rn e r  an d  sy s te m  
c o n tro l is n e ed e d  to  e n h a n c e  le a rn in g  a n d  m a in ta in  in tr in s ic  m o tiv a tio n  (W y n n  &  O liv e r,
2 Implicit or tacit knowledge refers to knowledge which is generally unknown to us and which usually 
remains unanalyzed by the learner (Alexander et al., 1991).
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1996). W y n n  &  O liv e r  su g g e s t th a t  th e  m ic ro w o rld  c a n  be  p ro g ra m m e d  to  a d ju s t th e  
le v e l o f  c o n tro l  a s  p e r  th e  s tu d e n t’s le v e l o f  c o m p e te n c e . S u c h  c o n tro l  w o u ld  ra n g e  fro m  
lin e a r  o r  sy s te m  c o n tro l, th ro u g h  g u id e d  d is c o v e ry  to  a  b ro w s in g  m ode .
R o ss  an d  M o rr is o n  (1 9 8 8 ) in  th e ir  p re v io u s  s tu d ie s  fo u n d  th a t  s tu d en ts , e sp e c ia lly  low  
a c h ie v e rs , la ck  th e  re le v a n t k n o w le d g e  an d  m o tiv a tio n  to  m a k e  c o rre c t  d e c is io n s  a b o u t 
th e  p a c in g , se q u e n c in g  o f  c o n te n t , u se  o f  le a rn in g  a id s , an d  a m o u n t o f  p ra c tic e  n e ed e d  fo r  
le a rn in g . T h e y  su g g e s t e ig h t s itu a tio n s  in  w h ic h  le a rn e r  c o n tro l  is  lik e ly  to  be  b e n efic ia l:
•  L e a rn e rs  a re  o ld e r  an d  m o re  m a tu re .
•  L e a rn e rs  a re  m o re  cap a b le .
•  H ig h e r-o rd e r  sk ills  a re  ta u g h t  ra th e r  th a n  fa c tu a l  in fo rm a tio n .
•  T h e  le a rn in g  c o n te n t is m o re  fa m ilia r .
•  T h e  le a rn e r is p ro v id e d  w ith  a d v ic e  to  m a k e  d e c is io n s  an d  u se  s tra te g ie s  k n o w n  to  be
e ffe c tiv e .
•  L e a rn e r  c o n tro l is u se d  c o n s is te n tly  w ith in  a  le sson .
•  T h e  u n su c c e ss fu l le a rn e rs  a re  im m e d ia te ly  p ro v id e d  w ith  s y s te m  c o n tro l.
•  I f  le a rn e r  c o n tro lle d  se s s io n s  a re  e v a lu a te d  an d  c o rre c te d  a fte rw a rd  so  th a t
m isc o n c e p tio n  a n d  o m is s io n s  c a n  b e  re m e d ia te d .
2.4.3.7 Fantasy
A c c o rd in g  to  M a lo n e  (1 9 8 1 , p . 3 6 0 ), “ fa n ta s ie s  c a n  m a k e  in s tru c tio n a l
e n v iro n m e n ts  m o re  in te re s tin g  a n d  m o re  e d u c a tio n a l” . T h e y  a re  in d u c e d  w h e n  th e  s tu d e n t 
is im m e rse d  in th e  e n v iro n m e n t, b e lie v in g  th a t th e y  a re  re a lly  in v o lv e d , an d  a re  in d u c ed  
w h e n  p e rfo rm in g  m e n ta l o p e ra tio n s  d u r in g  a  c o m p u te r  ta sk . R ie b e r  (1 9 9 6 ) s ta te s  th a t 
fa n ta s ie s  c a n  be  c o n s id e re d  a s  e ith e r  e n d o g e n o u s  o r  e x o g e n o u s  to  a  g a m e ’s c o n te n t. A n  
e x a m p le  o f  an  e x o g e n o u s  fa n ta sy  w o u ld  be  th e  g a m e  “ H a n g m a n ” , w h e re  a n y  c o n te n t can  
b e  su p e r im p o se d  o n  to p  o f  th is  fa n ta sy . T h e  g a m e  is th e re fo re  in d e p e n d e n t o f  th e  c o n te n t. 
E x o g e n o u s  fa n ta s ie s  can  b e  th o u g h t  o f  as th e  e d u c a tio n a l “ su g a r c o a tin g ” o r  th e  “ b e lls  
an d  w h is tle s ” to  p ro m o te  in te re s t  in  th e  le a rn e r . In  c o n tra s t  e n d o g e n o u s  fa n ta s ie s  w e av e
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th e  c o n te n t  in to  th e  g am e. C o n se q u e n tly , if  th e  le a rn e r  is in te re s te d  in  th e  fa n ta sy , he  o r  
sh e  w ill  b e  in te re s te d  in  th e  c o n ten t.
2.4.3.8 Challenge
C h a lle n g e  is in c o rp o ra te d  in to  a n y  IM M  ta s k  b y  p ro v id in g  g o a ls  th a t a re  d iff icu lt, 
bu t n o t im p o ss ib le . T h e re  sh o u ld  be m u ltip le  le v e l g o a ls  w ith  v a r ia b le  d iff ic u lty , h id d e n  
in fo rm a tio n , ra n d o m n e ss , and  a rb itra ry  s tim u li to  c o n s id e r  w h a t is o f  v a lu e  an d  w h a t is 
n o t (M a lo n e , 1980; W y n n  &  O liv e r  1996). W y n n  &  O liv e r  a lso  su g g e s t th a t IM M  o ffe rs  
an  id e a l  o p p o r tu n ity  fo r v ie w in g  an  e x p e r t  p e rfo rm a n c e  o f  a  s k ill (e .g . th ro u g h  v id e o , 
a n im a tio n s  e tc .) ,  a  c o n c e p t o fte n  u sed  in  c o m p u te r-g a m e  d e s ig n .
2.5 Lessons learned from computer games
W ith  th e  in c re as in g  c o m p le x ity  a n d  p ro c e ss in g  p o w e r  o f  c o m p u te rs  it h as  b e c o m e  
e a s ie r  to  d e s ig n  m o re  c o m p lic a te d  e n v iro n m e n ts  fo r  s e lf - re g u la te d  lea rn in g . Jo n e s  (1 9 9 7 ) 
in a  s u rv e y  o f  c o m p u te r  g a m e  a e s th e tic s  fo u n d  “ n e a tn e s s ”  to  be  v e ry  im p o r ta n t p a r t  o f  
p la y in g  a  p a r tic u la r  p ro d u c t. H e  su g g e s ts  so m e  id e as  o n  h o w  to  im p ro v e  c o m p u te r-b a se d  
le a rn in g  u s in g  le sso n s  ta k e n  f ro m  c o m p u te r  gam es.
In  su m m a ry , Jo n e s  (1 9 9 7 , p . 3 ) fo u n d  th a t  q u a lity  o f  th e  m u ltim e d ia  c o m p o n e n ts  
p ro m o te s  a  r ic h e r  e n v iro n m e n t, w ith  “ u ltim a te ly  m o re  m e an in g  a n d  e n jo y a b le  
e x p e r ie n c e s ” . T h e y  m u s t h o w e v e r, h a v e  a  p u rp o s e  to  th e m  Jo n e s  re fe rs  to  th is  e f fe c t  as 
“p u s h in g  th e  e n v e lo p e ” i.e . p ro m o tin g  th e  te c h n ic a lly  im p re s s iv e  e le m e n ts , w h ile  h a v in g  
no  re a l  re la t io n  to  th e  e n v iro n m e n t c re a te d . A  sec o n d  p o in t is th a t th e  d e s ig n  o f  le a rn in g  
e n v iro n m e n ts  sh o u ld  c o n ta in  e le m e n ts  o f  “ fa s t a c tio n ”  to  p ro v id e  im m e d ia te  fe e d b a c k , as 
w e ll as  a  m o re  u n ify in g  p ro b le m  to  b e  so lv ed  (e .g ., m in i g a m e s  in  a  la rg e r  s tra te g y  g a m e). 
T h ird ly , s o m e  in fo rm a tio n  sh o u ld  n o t  b e  m a d e  o b v io u s  to  th e  le a rn e r , fo rc in g  th e m  to  
“ th in k  a ro u n d  c o rn e rs ” ( th e  u se  o f  v a r io u s  p ro b le m -s o lv in g  sk ills  w h e n  re q u ire d  to  f ig u re  
a  s o lu tio n  to  a  p ro b le m ). T h is  p ro m o te s  d is so n a n c e  (a n d  re f le c tio n )  a n d  is m o re  o fte n  
s e e n  in  c o m p u te r  g a m es , as  th e y  a re  n o t  c o n s tra in e d  b y  c o n te n t. F o u rth ly , fa ilu re  is o f te n
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seen  in  g a m es  an d  m is ta k e s  n eed  to  be re c tif ie d  in  o rd e r  to  p ro c e e d . Jo n e s  b e liev es  th a t 
th is  c re a te s  d e e p e r  c o n n e c tio n s  w ith  th e  c o n te n t th a n  m e re ly  try in g  to  re m e m b e r  answ ers . 
F if th ly , th e  v ir tu a l  w o rld  sh o u ld  c o n ta in  e n g a g in g  e le m e n ts  su c h  as  “ b e lie v a b le  c h a ra c te rs  
and  c irc u m s ta n c e s , an  illu s io n  o f  re a lity , an d  a  se t o f  c o n tro ls  th a t  m a k e  sen se  re la tiv e  to  
th e  re a lity  th a t th e y  a re  e n g a g e d  in ” . F in a lly , an  e n g a g in g  e n v iro n m e n t co u ld  p ro v id e  
p re d e te rm in e d  p ro b le m s  fo r  le a rn e rs  to  so lv e  (Jo n es, 1997 , p . 3 -5 ).
A s w ith  a n y  new  to y , y o u n g  c h ild re n  d o  n o t h a v e  a n y  fe a rs  w h e n  u s in g  a 
c o m p u te r  and  w ill o f te n  p la y  a n d  e x p lo re  th e  e n v iro n m e n t ju s t  to  see  w h a t it does. T h e  
d e s ig n  o f  an y  m u ltim e d ia  le a rn in g  s y s te m  fo r  c h ild re n  n e e d s  to  re f le c t th is  a n d  in c lu d e  
e le m e n ts  th a t w ill m a k e  th e  e x p e r ie n c e  b o th  an  e n jo y a b le  an d  in fo rm a tiv e  one. T h e  
p ro v is io n  o f  a  fa n ta sy  w o rld  is m o re  a p p ea lin g  to  y o u n g  c h ild re n  b e ca u se  th e ir  m in d s  
h av e  n o t y e t b een  c o n s tra in e d  th ro u g h  e x p o su re  to  c u ltu ra l  a n d  sc ie n tif ic  c o n v en tio n s . 
C o n s tru c tiv is ts  (P ap e rt, 1980) b e liev e  th a t c o m p u te rs  sh o u ld  be  u sed  by  c h ild re n  to  
a c tiv e ly  c re a te  and  le a rn  a t th e  sam e  tim e . L O G O  is a  g o o d  e x a m p le  o f  su ch  a  lea rn in g  
e n v iro n m e n t. B e h a v io u r is ts  (S k in n e r , 1953) see  th e  c o m p u te r-b a se d  le a rn in g  sy s te m  as a  
m e a n s  o f  re in fo rc in g  c e r ta in  b e h a v io u rs  ( th ro u g h  in te ra c tio n  w ith  th e  c o m p u te r  and  th e  
u ser) and  fa c ilita tin g  a u to n o m o u s  le a rn in g  th ro u g h  m u ltip le  re in fo rc e m e n ts . C h a p te r  3 
lo o k s  a t th e se  c o g n itiv e  and  b e h a v io u r is t  in f lu e n c e s  in  th e  d e s ig n  o f  c o m p u te r  gam es.
38
Chapter 3: Core Elements of Games
3.1 Introduction
In  C h a p te rs  1 an d  2  v a r io u s  le a rn in g  p ro c e s s e s  an d  th e  d e s ig n  o f  c o m p u te r  based  
in s tru c tio n a l e n v iro n m e n ts  w e re  d is c u sse d . I t  w as  a lso  n o te d  th a t  a  n u m b e r o f  th e o rie s  
a b o u t in s tru c tio n  h a v e  b e e n  d e v e lo p e d  f ro m  s tu d ie s  w ith  c o m p u te r  g a m es  (e .g ., M alo n e , 
1981; Jo n es , 1997; W y n n  &  O liv e r , 1996). In  th is  c h a p te r  e le m e n ts  o f  g a m es  w h ic h  m ake  
s tu d e n ts  o r  g a m e -p la y e rs  c o n tin u e  to  e n jo y  an d  p e rs is t  in  p la y in g  a re  o u tlin ed . F o r th e  
p u rp o se  o f  a sc e rta in in g  th e  e d u c a tio n a l a p p lic a tio n  o f  g a m es , a  ta x o n o m y  o f  g a m es  is 
d e v e lo p e d . T h e  e d u c a tio n a l e f fe c tiv e n e s s  o f  g a m es  as in s tru c tio n a l e n v iro n m e n ts  is 
d isc u sse d .
3.1.1 What’s in a Game?
“ A  g a m e  is a  c lo se d , fo rm a l s y s te m  th a t su b je c tiv e ly  re p re se n ts  a  su b se t o f  
re a li ty ” (C ra w fo rd , 1984, p . 4 ). B y  c lo se d , w e  m e an  th a t th e  g a m e  is  c o m p le te  and  in ta c t 
in  its  s tru c tu re . T h e  a lte rn a tiv e  w o rld  c re a te d  in s id e  th e  g a m e  h a s  no  n eed  fo r  re fe re n c e  to  
th e  o u ts id e  w o rld . T h e re fo re , it is  s e lf  su ff ic ie n t. ‘F o rm a l’ m e a n s  th a t  th e  gam e  fo llo w s  a  
w e ll-d e f in e d  se t o f  ru le s . In  so m e  c a se s , th e  g a m es  m a y  h a v e  le ss  fo rm a l ru le s  b u t th is is 
n o t as  c o m m o n . It is a  sy s te m , b e c a u se  v a rio u s  p a r ts  o f  th e  c o m p u te r  p ro g ra m  in te ra c t 
w ith  e a c h  o th e r , o f te n  in  c o m p le x  w a y s . I t is a  re p re se n ta tio n  o f  re a lity , a lb e it a  su b jec tiv e  
o n e . T h e  g a m e  c o n s is ts  o f  c h a ra c te rs , p la ce s , and  th in g s  to  d o . T h e re fo re , an  e le m e n t o f  
f a n ta sy  c o m e s  in to  th e  m in d  o f  th e  g a m e -p ro g ra m m e r a n d  is h e n ce , p a s s e d  o n  to  th e  
g a m e -p la y e r . T h is  re p re s e n ta tio n  o f  a  fa n ta sy  w o rld , c re a te d  v ia  th e  c o m p u te r , fa c ilita te s  
th is  su b je c tiv e  re p re s e n ta tio n  o f  r e a l  w o rld  p h e n o m e n a . C o m p u te r  g am es  v a ry  in  th e  
in te ra c tio n  b e tw e e n  p la y e r  a n d  g a m e . S o m e  g a m es , su ch  a s  PONG (A ta ri, 1972) p ro v id e  
little  in te ra c tio n  w h e re a s  o th e rs  su ch  as  F if a  s o c c e r  ’97 (E le c tro n ic  A rts , 1996) a llo w  a  
fa r  r ic h e r  in te ra c tio n .
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Challenge and  Conflict o c c u rs  n a tu ra lly  f ro m  th e  in te ra c tio n  w ith in  a  g a m e  
(M a lo n e , 1981, C ra w fo rd , 1984). T h e  g a m e  fo c u se s  on  th e  a c tiv e  p a r t ic ip a tio n  o f  th e  u se r 
to  a tta in  a  c e r ta in  goa l. T o  a ch ie v e  th is  g o a l h o w e v er, a  n u m b e r o f  o b s ta c le s  hav e  to  be 
o v e rc o m e . I f  th e se  o b s tac le s  a re  a c tiv e  o r  d y n a m ic , if  th e y  p u rp o s e fu lly  re sp o n d  to  th e  
p la y e r , th e  c h a lle n g e  b e co m e s  a  g a m e  (C ra w fo rd , 1984). U su a lly  th e se  o b s ta c le s  in v o lv e  
an  in te llig e n t ag en t. I f  th is  a g en t a c tiv e ly  b lo c k s  th e  p ro g re s s  o f  th e  p la y e r , a  c o n flic t 
a rises . H e n ce , c o n f lic t is an  in te g ra l p a r t  o f  c o m p u te r  g am in g . T h e  a g e n ts  o f  c o n flic t m ay  
b e  a n o th e r  p la y e r , th e  c o m p u te r  s im u la te d  p la y e r , o r th e  re s o lu tio n  o f  a  p ro b le m  o n ­
sc reen . C o n flic t is m o s t c o m m o n ly  a ss o c ia te d  w ith  v io le n c e  in  th e  r e a l  w o rld . I t  is 
th e re fo re , n o t su rp ris in g  th a t a  la rg e  n u m b e r  o f  g a m es  u se  a  v io le n t th e m e  fo r  th e  c o n flic t 
e le m e n t.
3.1.2 Reinforcement in Games
F o r c o m p u te r  g am es, a  n u m b e r o f  e le m e n ts  a c t as  re in fo rc e rs  fo r c o n tin u o u s  gam e  
p la y in g , fa c ilita tin g  m u ltip le  re in fo rc e m e n ts . E x a m p le s  in c lu d e  a c h ie v in g  th e  n ex t s tag e  
in  th e  g a m e , d e fe a tin g  th e  o th e r  o p p o n e n t o r  in c re a s in g  th e  sc o re . B y  m a n ip u la tin g  th e  
d iff ic u lty  o f  a c h ie v in g  th e se  re w a rd s , th e  g a m e  e n tic e s  th e  p la y e r  to  te s t h is o r  h e r sk ill. I f  
th e  d if f ic u lty  o f  th e  g am e  is to o  g re a t fo r  th e  p la y e r , he o r  she  w ill  s to p  p la y in g . I f  it is too  
e a s y  h e  o r  she  w ill g e t b o re d  an d  s to p  p la y in g  a lso . C o n se q u e n tly , th e re  m u s t be so m e 
in itia l h ig h  v a ria b le  s c h e d u le  o f  re in fo rc e m e n t w ith  a  g ra d u a l re d u c tio n  to  a lo w  v a ria b le  
p a r tia l re in fo rc e m e n t sch e d u le  fo r  o p tim a l c o n tin u o u s  g a m ep lay .
T h is  is e a s ily  see n  in  g a m e s  su c h  as  S p a c e  I n v a d e r s  (A ta ri, 1980). T h e  n u m b e r 
o f  a lie n s  to  e lim in a te  is sm a ll in  th e  b e g in n in g  and  g ra d u a lly  in c re a se s  th e  fu r th e r  th e  
p la y e r  re a c h e s  in th e  g am e. T h e  n u m b e r  o f  tim e s  th e y  sh o o t a t th e  p la y e r ’s c h a ra c te r  
(sp a c e sh ip )  a lso  in c re ase s , as d o e s  th e  ra te  a t w h ic h  th e  g ro u p  o f  a lie n s  m o v e  d o w n  the  
sc re e n , to w a rd s  th e  sp ac e sh ip  a t th e  b o tto m . P e rio d ic a lly  d u r in g  th e  g a m e , an  a lien  
sp a c e sh ip  a p p e a rs , tra v e llin g  a c ro ss  th e  to p  o f  th e  screen . T h is  a c ts  as  a  b o n u s  a lien , 
w h e re b y , a  la rg e  n u m b e r o f  p o in ts  w ill be  g iv e n  to  th e  p la y e r  i f  it is  e lim in a te d . T h e  
b o n u s  a lie n  c a n  be  see n  as  a  v a r ia b le  in te rv a l re in fo rc e m e n t w ith  an  in c re a s e  in  sco re
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b e in g  th e  re in fo rc e r . I t is n o te w o rth y  to  see  th a t  th e  re in fo rc e m e n t ( in c re a se  in  sco re) is 
c o n tin g e n t to  th e  b e h a v io u r (e lim in a tin g  th e  a lie n ) . T h u s , o p tim a l o p e ra n t c o n d itio n in g  is 
fa c ilita te d  (S k in n e r , 1953).
3.2 Persistence
L o ftu s  &  L o f tu s  (1 9 8 3 ) in a d d itio n  to  re in fo rc e m e n t, id e n tify  c o n c e p ts  su ch  as 
c o g n itiv e  d is so n a n c e  a n d  re g re t, to i l lu s tra te  w h a t m a k e s  g a m es  so  c o m p e llin g .
3.2.1 Cognitive Dissonance
Cognitive dissonance theory a s su m e s  th a t  w h e n  a  p e rs o n  a c ts  o r h o ld s  b e lie fs  th a t 
a re  in c o n f lic t  w ith  e a c h  o th e r, th e  p e rs o n  w ill a c t  so  as to  re d u c e  th e  c o n flic t (F es tin g e r 
&  C a r lsm ith , 1959). In  th e ir e x p e r im e n t, F e s tin g e r  an d  h is  c o lle a g u e  saw  th a t p eo p le  w ill 
o fte n  a lte r  th e ir  a tti tu d e s  a b o u t a  ta sk  i f  th e y  a re  a sk e d  to  lie  a b o u t it. In  th e ir  e x p e r im e n t, 
su b jec ts  w e re  p a id  a  v a r io u s  a m o u n ts  o f  m o n e y  to  lie  a b o u t a  b o rin g  ta sk . I t w as  fo u n d  
th a t it w as  h a rd e r  fo r  th e  low  p a y  g ro u p  to  m a in ta in  th e  v ie w  th a t  th e  ta sk  w as  b o rin g  and  
c o n s e q u e n tly  ra te d  th e  ta sk  le ss  b o rin g  th a n  th o s e  w h o  re c e iv e d  a  la rg e  a m o u n t o f  m o n e y  
to  lie. T h e re fo re , th e  p e rc e p tio n  o f  th e  lo w  p a y  g ro u p  h ad  to  c h an g e  in  o rd e r  to  ju s tify  the  
lies th a t th e y  to ld . T h e  b e tte r  p a id  g ro u p  w e re  “ h ire d  to  lie ”  an d  th e re fo re  w o u ld  see m  
less  lik e ly  to  c h a n g e  th e ir  v ie w  th a t th e  ta s k  w a s  a  b o rin g  one . L o ftu s  &  L o ftu s  (1 9 8 5 ) 
d e sc rib e  th is  e f fe c t  in  te rm s  o f  in tr in s ic  a n d  e x tr in s ic  m o tiv a tio n . I f  th e  su b jec t re c e iv e s  a 
la rge  so m e  o f  m o n e y  (an  e x tr in s ic  re w a rd ) , it m a k es  th e  a c t o f  ly in g  e a s ie r  to  d e a l w ith . I f  
th e  e x tr in s ic  re w a rd  w as  re d u c e d , th e  in tr in s ic  m o tiv a tio n  h ad  to  be g e n e ra te d , h en ce , 
su b jec ts  w e re  fo u n d  to  ra te  th e  ta s k  a s  m o re  in tr in s ic a lly  fu lf illin g . T h is  is in  a g re e m e n t 
w ith  M a lo n e ’s (1 9 8 0 ) su g g e s tio n  th a t  in tr in s ic  fa n ta s ie s  a re  m o re  m o tiv a tin g  to  th e  
s tu d en t. In  a s tu d y  o f  c h ild re n  p e rfo rm in g  ta s k s  in  w h ic h  th e y  re c e iv e  c o n tin u o u s  
e x tr in s ic  re w a rd s , a  lo ss o f  in tr in s ic  m o tiv a tio n  w as fo u n d  (L e p p e r e t  a l., 1973). 
T h e re fo re , th e  o v e rsu p p ly  o f  e x tr in s ic  re in fo rc e m e n t u n d e rm in e s  th e  in tr in s ic  m o tiv a tio n  
in h e re n t in  d o in g  th e  ta sk .
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I f  a  p e rs o n  w a s  to  lo se  to  an  o p p o n e n t in  a  c h e s s  m a tc h , h e  o r  she  w o u ld  o fte n  
c o n s id e r  th e  re a s o n  w h y  he  o r  she  lo st. I f  th e ir  p la y  e a r ly  in  th e  m a tc h  (p o o r  n a iv e  p lay ) 
a ffe c te d  th e  o u tc o m e  i.e. th e ir  lo s in g  th e  m a tch , th e  re g re t w o u ld  be  le ss  th a n  i f  th e y  h ad  
lo s t b e c a u se  o f  a  c a re le s s  m is ta k e  to w a rd  th e  e n d  o f  th e  g am e. K a h n e m a n  &  T v e rs k y
(1 9 8 2 ) e x p la in  th is  p h e n o m e n o n  in  te rm s  o f  th e  c re a tio n  o f  a lte rn a tiv e  w o rld s . W e c re a te  
a lte rn a tiv e  w o r ld s  to  b e tte r  u n d e rs ta n d  o u r  fa ilu re s  and  a c c o u n t fo r  t h e m  A c co rd in g  to  
K a h n e m a n  &  T v e rs k y , w h e n  an  u n fo r tu n a te  e v e n t o c cu rs , an  a lte rn a tiv e  w o rld  is 
c o n s tru c te d  in  th e  m in d  w h e re  u n fo r tu n a te  e v e n t d o e s  n o t o c cu r. T h e re fo re  th e  c lo se r  to  
th e  re a l w o rld  th e  a lte rn a tiv e  w o rld  is, th e  m o re  re g re t  is fe lt b y  th e  p e rso n . T o  e lim in a te  
th e  fe e lin g  o f  re g re t , th e  p e rso n  w ill p la y  a g a in . I f  th e  g a m e  h a s  o p tio n s  su c h  as ‘S av e  
g a m e ’ a n d  ‘C o n t in u e ’, f ix in g  th e  m is ta k e  m ad e  in  th e  g a m e  b e fo re  is m u c h  eas ie r. T h e  
g a m e  c a n  c o n tin u e  o n  f ro m  b e fo re  th e  m is ta k e  w as m ad e . T h e  ‘S a v e  g a m e ’ an d  
‘C o n tin u e ’ o p tio n s  fa c il i ta te  an  a lte rn a tiv e  w o rld  an d  e n tic e  th e  u se r  to  re tu rn  to  gam e- 
p lay .
3.3 Taxonomy of Games
T h e re  a re  th o u s a n d s  o f  c o m p u te r  g a m es  c o m m e rc ia lly  a v a ila b le  to d a y . C o m p u te r  
g a m in g  is n o t c o n f in e d  to  c h ild re n  a lo n e  as  m a n y  a d u lts  p la y  c o m p u te r  g a m es  a lso . T o  
b e tte r  u n d e rs ta n d  th e  in te re s t and  e d u c a tio n a l a p p lic a tio n s  o f  g a m e s  a  ta x o n o m y  o f  th e  
m o s t p o p u la r  g a m e s  is p ro p o s e d . T h is  ta x o n o m y  is  a  re v is e d  v e rs io n  o f  a  ta x o n o m y  
d e v e lo p e d  b y  C ra w fo rd  (1 9 8 4 ). W h ile  C ra w fo rd  d e v ise d  an  e x c e lle n t  ta x o n o m y , m a n y  o f  
th e  g a m e s  h a v e  b e e n  s u p e rse d e d  b y  m o re  c o m p le x  an d  s tim u la tin g  g a m es . T h e  n ew  
ta x o n o m y  d if fe rs  f ro m  C ra w fo rd ’s a s  it re f le c ts  n ew  d e v e lo p m e n ts  in  th e  d e s ig n  and  
c o m p le x ity  o f  g a m e s  o n  th e  m a rk e t to d a y . F o r  e x am p le , th e  d if fe re n c e s  b e tw ee n  
a d v e n tu re  g a m e s  a n d  s k ill a n d  a c tio n  e le m e n ts  fo u n d  in  C ra w fo rd ’s ta x o n o m y  h av e  
b e c o m e  m o re  in te rm ix e d  w ith  th e  n e w e r  a c tio n  a d v e n tu re s .
3.2.2 Regret
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C u rre n t c o m p u te r  g a m es  c a n  be se p a ra te d  in to  tw o  m a in  c a te g o rie s : S k ill-an d - 
A c tio n  G a m e s  a n d  S tra te g y  G a m es . E a c h  o n e  h as  m a n y  su b c a te g o rie s . S k il l-a n d -A c tio n  
G a m es  e m p h a s ise  p e rc e p tu a l an d  m o to r  sk ills , w h e re a s  S tra te g y  G a m e s  e m p h a s ise  m o re  
c o g n itiv e  e ffo r t (C ra w fo rd , 1984). T h e re  m a y  e x is t so m e  o v e rla p  b e tw e e n  th e  tw o  
c a te g o rie s  (i.e ., th e y  a re  n o t m u tu a lly  e x c lu s iv e ) . T h e re fo re , so m e  g a m es  hav e  
c h a ra c te r is tic s  o f  b o th  ty p es.
3.3.1 Skill-and-Action
T h is  c la s s  o f  c o m p u te r  g a m es  a p p e a rs  to  be  th e  m o s t p o p u la r , w ith  m o s t A rc ad e  
g a m es  be in g  S & A  G a m e s . T h e se  g a m e s  a re  c h a ra c te r is e d  b y  re a l- t im e  p la y , h e av y  
e m p h as is  o n  g ra p h ic s  a n d  so u n d , and  th e  u se  o f  jo y s tic k s  (o r  jo y p a d s )  ra th e r  th an  
k e y b o a rd  in p u t. T h e  p r im a ry  sk ills  n e e d e d  fo r  th e se  ty p e s  o f  g a m e s  a re  e y e -h an d  c o ­
o rd in a tio n  a n d  fa s t re a c tio n  tim es . S k il l-a n d -A c tio n  G a m e s  c a n  be  g ro u p e d  in to  five  
c a te g o ries : C o m b a t, S p o rts , R ac in g  g a m es , P la tfo rm s  an d  M isc e lla n e o u s  gam es. S & A  
G a m es  re q u ire  p le n ty  o f  p ra c tic e  an d  p ro c e d u ra l  k n o w le d g e  in  o rd e r  to  p ro g re s s  in  th e  
gam e. T h e se  g a m es  h a v e  n o t been  w id e ly  u se d  in  e d u c a tio n , p o s s ib ly  b e c a u se  o f  th e ir 
h ig h  e m p h a s is  o n  a m u se m e n t ra th e r  th a n  e d u c a tio n . I t is su g g e s te d  h o w e v er, th a t 
e d u c a tio n a l a p p lic a tio n  o f  th e se  g a m e s  lie s  in  th e ir  a b ility  to  e n g a g e  a n d  m o tiv a te  th e  u se r 
(e .g ., as  p o ss ib le  e x tr in s ic  re w a rd s  fo r  a c h ie v e m e n t; see  C h a p te r  4 ). M o re o v e r, th e y  c an  
be u sed  to  a c c u ra te ly  s im u la te  re a l p h e n o m e n a , su ch  as  th e  c o m p le x  m o v e m e n ts  in 
m a rtia l a rts  o r  o th e r  spo rts .
3.3.1.1 Combat Games
S in ce  c h a lle n g e  is an  in h e re n t c o m p o n e n t o f  c o m p u te r  g am es , it is  n o t  su rp ris in g  
th a t a  v a s t a m o u n t o f  c o m m e rc ia l g a m e s  h a v e  c o n flic t as th e ir  c e n tra l  th e m e . C o m b a t 
g a m es  a re  g a m es  th a t h a v e  a  v io le n t c o n te n t, w ith  th e  e m p h a s is  o n  d e s tro y in g  o b jec ts , 
c h a rac te rs , o r  o th e r  p la y e rs . T h e se  g a m e s  c a n  be  d iv id e d  in to  tw o  m o re  ca teg o ries . 
‘Shootem’ups' an d  ‘Beatem’ ups’. Shootem’ ups in v o lv e  d e s tro y in g  o b je c ts  (o r  c h a rac te rs )  
o n  th e  sc ree n  w ith  an  a rs e n a l o f  w e a p o n ry . A  c la ss ic  e x a m p le  o f  th is  ty p e  o f  g a m e  is
43
S P A C E  IN V A D E R S  (A ta ri, 1979). T h e  u se r c o n tro ls  a  sp ac e sh ip  w ith  a  la se r  can n o n , 
lo c a te d  a t th e  b o tto m  o f  th e  sc reen . T h e  a im  o f  th e  g a m e  is  to  d e s tro y  th e  a lie n  c h a ra c te rs  
a t th e  to p  o f  th e  s c re e n  b e fo re  th e y  g e t d o w n  to  th e  b o t to m  T h e re  a re  m a n y  o th e r  ty p e s  o f  
‘shootem ups'. S o m e  a re  b a se d  in  th re e  d im e n s io n s  w ith  so m e  ro le  p la y in g . E x a m p le s  o f  
th e se  g a m e s  in c lu d e  D O O M , Q U A K E , a n d  D E S C E N T . T h e se  g a m e s  in v o lv e  th e  u se r  
a ssu m in g  th e  ro le  o f  a  c h a ra c te r  an d  o b lite ra tin g  th e  o th e r  o p p o n e n ts  in  a  v ir tu a l w orld . 
T o  su cc e ed  in  th e se  g a m e s , th e  g a m e -p la y e r  re q u ire s  g o o d  m e n ta l im a g e ry  a n d  m ap p in g  
sk ills  a s  m o s t g a m es  sc e n a r io s  a re  se t in  c o m p le x  th re e  d im e n s io n a l w o rld s  (e .g ., 
b u ild in g s , s tre e ts , d u n g e o n s , se w e rs  e tc ..) . T h e s e  g a m e s  o fte n  h a v e  h id d e n  in fo rm a tio n  
th e  u se r  m u s t f in d  lo c a te d  w ith in  th e  e n v iro n m e n t. C e r ta in  c u e s  a re  p ro v id e d  to  th e  u se r  
to  in d ic a te  h id d e n  o r  s e c re t ro o m s  fo r  e x a m p le , a  c ra c k  in  th e  w a ll w o u ld  in d ic a te  th a t th e  
p la y e r  c a n  b o w  it up . O th e r  ‘shootem ups' in c lu d e  p o in t an d  sh o o t g a m es . In  th e se  
g am es , th e  u se r  p o in ts  to  o r  p o s itio n s  c ro s sh a irs  in  f ro n t o f  o b je c ts  o r  c h a ra c te rs  to  shoo t. 
S o m e  o f  th e se  g a m e s  u se  a  g u n  as th e  in p u t d e v ic e  su ch  as  a  g u n  to  p o in t a n d  sh o o t a t th e  
o b je c ts  (o r c h a ra c te rs )  o n sc ree n .
'Beatem ups’ a re  g a m e s  o f  c lo se , h a n d -to -h a n d  c o m b a t b e tw e e n  c h a ra c te rs . I t 
u su a lly  in v o lv e s  h ittin g  y o u r o p p o n e n t u n til  h e /sh e  is k n o c k e d  o u t (e .g ., M O R T A L  
K O M B A T ). B e a te m ’u p s  a re  w e ll k n o w n  fo r  th e  p ro c e d u ra l k n o w le d g e  re q u ire d  to  b e a t 
th e  o th e r  o p p o n e n t. T h is  m a y  in v o lv e  re m e m b e r in g  v e ry  c o m p le x  c o m b in a tio n s  o f  m o v es  
w ith in  th e  g a m e, as  w e ll as in tr ic a te  g a m in g  s tra teg ie s . F o r  e x a m p le , in  M O R T A L  
K O M B A T  e a c h  c h a ra c te r  h as  a  p le th o ra  o f  p o s s ib le  c o m b in a tio n s  o f  m o v e s  an d  sp ec ia l 
a c tio n s  th a t a re  d if fe re n t to  a ll o f  th e  o th e r  c h a ra c te rs . E a c h  c h a ra c te r  is g iv e n  s tre n g th s  
an d  w e a k n e ss e s  th a t th e  g a m e -p la y e r  m u s t re m e m b e r. In  o rd e r  to  m a s te r  su ch  a  gam e, th e  
p la y e r  m u s t re m e m b e r  th e se  m o v e s  a n d  b e  a b le  to  u se  th e m  w h e n  re q u ire d  d u rin g  th e  
g am e. T h is  in d ic a te s  c o m p le x  ru le  fo llo w in g  as  w e ll a s  e x p lic it  m e m o ry  o f  av a ilab le  
m o v e s .
3.3.1.2 Sports
S p o r ts  g a m es  in v o lv e  th e  s im u la tio n  o f  a c tu a l  sp o rts . G a m es  lik e  te n n is , fo o tb a ll, 
b a sk e tb a ll, sn o o k e r , p o o l, e v e n  sa il in g  h as  b e e n  tra n s fo rm e d  b y  c o m p u te r  c o d e  in to
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c o m p le x  g ra p h ic a l  in te ra c tio n  w ith  th e  u se r  an d  th e  c o m p u te r . S p o rts  g a m es  a re  q u ite  
p o p u la r  c u rre n tly  w ith  th e  n e w e r g am es u s in g  th re e  d im e n s io n a l g ra p h ic a l d e s ig n s  (e .g ., 
F IF A  S O C C E R  ’97 ; E le c tro n ic  A rts , 1996). A s  re s e a rc h  has  sh o w n , e x p e r t  lea rn in g  
c o m e s  fro m  p ra c tic e  an d  th e  u se  o f  so m e  m e n ta l im a g e ry  sk ills  (M o ra n , 1993). W ith  th e  
c o m p u te r-b a se d  v e rs io n  o f  S n o o k e r  w h ic h  h a s  a  la rg e  s tra teg ic  c o m p o s itio n , the  
c o m p u te r  s im u la te d  g a m e  c a n  a c c u ra te ly  m im ic  th e  sp in  an d  p ro je c tio n  o f  th e  b a lls  o n  th e  
tab le . T h e  u se  o f  a  v ir tu a l  e n v iro n m e n t to  s im u la te  th e  p la y in g  o f  th e  a c tu a l g a m e  h e lp s  
tra n s fe r  th e  le a rn in g  o n to  re a l life  p lay . A g a in  ru le s  th a t a re  le a rn ed  f ro m  p la y in g  th e  
g a m e  c a n  be  tra n s fe rre d  to  th e  s im ila r re a l  life  c o n te x t (S in g le y  &  A n d e rso n , 1989). 
F u r th e rm o re  w ith  n e w er, m o re  a r tif ic ia lly - in te llig e n t g a m es , th e  o p p o n e n ts  can  m a tc h  th e  
p la y e r ’s s k ill an d  a d a p t to  th e ir  s tra teg ies .
3.3.1.3 Racing Games
T h e se  g a m e s  in v o lv e  a  s tra ig h t fo rw a rd  ra c e  b e tw e e n  p la y e rs . T h e  id e a  is to  be in 
f ir s t  p o s itio n  a t th e  en d  o f  th e  race . T h e  ra c e  d ire c tly  c h a lle n g e s  th e  p la y e rs  to  e n g a g e  in 
c o m p e titio n  and  fo rc e s  th e m  p e rfo rm  w e ll in  o rd e r  to  su cc e ed . T h e re fo re , an  in c re a se  in  
se lf -e s te e m  a s  a  re s u lt  o f  p la y in g  is c o m m o n . T h e re  h a v e  b een  v a ria tio n s  o n  th is  th e m e  to  
in c lu d e  sp e c ia l ‘power’ups' to  a id  in  th e  d r iv e r ’s q u e s t  to  w in  th e  g a m e  (e .g ., M A R IO  
K A R T  an d  W IP E O U T ). Power’ups g iv e  th e  d r iv e r  e ith e r  in c re a se d  sp ee d  o r  w e ap o n ry , 
to  s lo w  d o w n  o th e r  o p p o n e n ts . R a n d o m n e ss  is  fa c ili ta te d  in  th e se  g a m es  as  th e  u se rs  
p ro g re s s  is o f te n  b lo c k e d  b y  th e  p o s itio n in g  o f  o th e r  ra n d o m ly  p la ce d  v e h ic le s .
3.3.1.4 Platforms
P la tfo rm s  a re  u se d  to  c re a te  an  e n v iro n m e n t fo r  th e  c h a ra c te r  to  m o v e  a ro u n d . T h e  
sc re e n  o f te n  s c ro lls  b o th  u p /d o w n  and  le f t/r ig h t in  o rd e r  to  k e ep  th e  c h a ra c te r  o n  th e  
sc ree n . O fte n  th e  c h a ra c te r  h a s  to  av o id  o b je c ts , d e s tro y  o th e rs , and  re a c h  a  c e r ta in  p o in t 
in  th e  a re a  in  o rd e r  to  fin ish  th e  lev e ls . A  e x c e lle n t  e x a m p le  o f  th is  ty p e  o f  g a m e  is 
M A R IO  B R O T H E R S  (N in te n d o , 1 9 8 0 ’s). In  th is  g am e, th e  p la y e r ’s c h a ra c te r , M ario , 
b re a k s  u p  b lo c k s  to  re v e a l  c o in s , power-ups o r  p a ssa g e s  to  sec re t levels . T h is  s e a rc h  fo r
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h id d e n  in fo rm a tio n  h e lp s  th e  p la y e r  m a in ta in  h is  o r  h e r c u r io s ity  and  h en ce , th e  
w illin g n e ss  to  c o n tin u e  (M a lo n e , 1981). T h is  ty p e  o f  g a m e  h as  b e en  u sed  to  fa c ilita te  an  
e n v iro n m e n t in w h ic h  to  m o v e  a ro u n d  an d  th e  e d u c a tio n a l c o n te n t has  b e en  in c lu d e d  to  
sp ec ific  p a r ts  o f  th e  g a m e  (e .g ., in W o rd  g a m es  a t C a m e lo t o n  an  e n c o u n te r  w ith  a  g u ard , 
th e  u se r m u s t a n sw e r so m e  m a th e m a tic a l p ro b le m s ; see  C h a p te r  4  fo r  a  m o re  d e ta iled  
d e sc rip tio n  o f  th e  g am e).
3.3.1.5 Flight Simulation Games
T ra d itio n a lly , a irc ra f t  s im u la tio n s  h av e  b e en  d e s ig n e d  to  o b je c tiv e ly  m o d e l th e ir  
re a l-life  c o u n te rp a r ts . H o w e v e r  w ith  th e  in c re a se  in  th e  c a p a b il i ty  o f  c o m p u te r  g rap h ic s  
and  sp ee d , f lig h t s im u la tio n s  h av e  e n te re d  th e  g a m e s  m a rk e t. F lig h t S im u la tio n  g am es 
d iffe r f ro m  tra d itio n a l s im u la tio n s  in im p o r ta n t w ay s. T ra d it io n a l s im u la tio n s  a re  
d e s ig n e d  to  o b je c tiv e ly  m o d e l the  v e h ic le  b e in g  s im u la te d  in  a  v ir tu a l sce n a rio . F lig h t 
S im u la tio n  g a m e s  a re  an  e n h a n c e d  v e rs io n  o f  a  s im u la tio n  to  e m p h as ise  th e  g am in g  
e lem en t. F o r  e x a m p le , A F T E R B U R N E R  is a n  a r t is t ic a lly  s im p lif ie d  m o d e l o f  a je t-  
f ig h te r  s im u la tio n . T h e  g a m e  a llo w s  th e  u se r  to  see  th e  f ro n t o f  th e  p la n e  an d  g iv es  
c o n tro l o f  th e  a irc ra f t  b y  m e a n s  o f  a  jo y s tic k . A n  a rs e n a l o f  w e a p o n ry  is g iv e n  to  the  
p la n e  to  sh o o t th e  o th e r  p la n e s  o n  th e  sc ree n  an d  le v e ls  a re  p a s s e d  w h e n  a  c e r ta in  n u m b e r 
o f  p la n es  a re  d e s tro y e d . T h e  tra d itio n a l s im u la tio n  w o u ld  n o t hav e  lev e ls , an d  w o u ld  
m e re ly  in v o lv e  th e  c o m p le tio n  o f  a ta sk  (E .g ., la n d in g  th e  a e ro p la n e ). T h e se  g a m es  hav e  
o ften  b een  u sed  by  th e  m ilita ry  to  in c re a se  re a c tio n  tim e s  o f  th e ir  p ilo ts  (G o p h e r  e t al, 
1992).
3.3.1.6 Miscellaneous Games
T h e re  a re  m a n y  o th e r  ty p e s  o f  g a m e s  th a t  a re  u n iq u e  in  th e ir  o w n  w a y  in  th e  
c a te g o ry  o f  S & A . S u c h  g a m e s  in c lu d e  P a d d le  g a m e s , M a z e  g a m e s  a n d  A rc a d e  gam es. In  
P a d d le  g a m es  (e .g ., P O N G , A R K A N O ID , K R Y P T O N  ‘9 5 ), th e  p a d d le  is u sed  to  h it a  
b a ll a n d  sen d  it a ro u n d  th e  sc ree n  d e s tro y in g  b lo c k s  a n d  b o u n c in g  o f f  w a lls . F o r  
K R Y P T O N  ’9 5 , c e r ta in  p o w e r ’u p s  a re  g iv e n  d u r in g  th e  g a m e  to  a ss is t th e  p la y e r  in
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c o m p le tin g  th e  lev e l. T h e s e  in c lu d e  a  la se r c a n n o n , in c re a se d  s ize , e x tra  b a lls  a n d  e x tra  
lives. M az e  g a m e s  (e .g ., P A C -M A N ) a re  based  a ro u n d  a m a ze  g e n e ra te d  o n  th e  screen . 
T h e  u se r  has to  n a v ig a te  h is  c h a ra c te r  a ro u n d  th e  m a ze , a v o id in g  o th e r  c h a ra c te rs  and  
c o lle c tin g  c e r ta in  p o w e r ’u p s . A rc a d e  g a m es  (e .g ., U L T IM A T E  P IN B A L L ) a re  
tra n sp o rte d  v e rs io n s  o f  th e ir  A rc a d e  c o u n te rp a r ts  o n  th e  c o m p u te r  sc reen . S o m e  o f  th e se  
g a m es  h av e  b e e n  a d a p te d  to  in c lu d e  so m e  c o m p lic a te d  le v e ls  a n d  b o n u ses , n o t p o ss ib le  
o n  th e ir  a rc ad e  v e rs io n s .
3.3.2 Strategy Games
S tra te g y  g a m e s  fo c u s  o n  th e  u s e r ’s c o g n itiv e  a b ility  to  p ro g re s s  in  th e  gam e. 
T h e re  is less  e m p h a s is  on  b o is te ro u s  p la y  an d  m o re  o n  th e  p ro b le m  so lv in g  and  
d e c la ra tiv e  k n o w le d g e  o f  th e  u ser. In  th is  c a te g o ry  th e re  a re  A d v e n tu re s , W ar g am es, 
E d u c a tio n a l g a m e s , S im u la tio n  g a m e s , M a n a g e m e n t, an d  M isc e lla n e o u s  gam es.
3.4.2.1 Adventures
A d v e n tu re  g a m e s  in v o lv e  a  la rg e  e le m e n t o f  fa n ta sy  a n d  o fte n  h a v e  D u n g e o n s  an d  
D ra g o n s3 th e m e  to  t h e m  T h e y  u su a lly  in v o lv e  in te ra c tio n  w ith  o th e r  c h a ra c te rs , 
c o lle c tin g  ite m s  fo r  u se , se a rc h in g  fo r  h id d e n  o b je c ts , and  e x p lo ra tio n  o f  a v ir tu a l w orld . 
T h e  m e th o d  b y  w h ic h  th e  u s e r  d o e s  th e se  a c tio n s  c a n  be re p re se n te d  by  te x t in s tru c tio n s  
o r  by  g ra p h ic a l d e s ig n . O ld e r  g a m e s  w e re  m o s tly  te x t b ased  w ith  so m e  k e y w o rd s  (su ch  
as: ju m p , p ic k -u p , go , g e t, c a rry , sh o o t, and  so o n ) to  p e rfo rm  ta sk s  in s id e  th e  gam e. 
T e x t-b a se d  a d v e n tu re  g a m e s  h a v e  la rg e ly  b een  re p la c e d  w ith  a c tu a l  m a n ip u la tio n  o f  th e  
c h a ra c te r  on  th e  sc ree n  to  p e rfo rm  a c tio n s . T h e  m a in  c h a ra c te r  (th e  u s e r ’s c h a ra c te r)  o ften  
has  to  so lv e  c o m p le x  p u z z le s  in  o rd e r  to  p ro g re s s  to  a  n ex t s tag e . T h e se  p u z z le s  m a y  
d ire c tly  c h a lle n g e  th e  u s e r ’s c o g n itiv e  sk ill, o r, th e ir  p ro c e d u ra l  k n o w le d g e  o f  a  c o m p le x  
se rie s  o f  m o v e m e n ts . A n  e le m e n t o f  S k ill and  A c tio n  is th e re fo re , in c lu d e d  in  m o s t o f  th e
3 Dungeons and Dragon’s fantasy role playing. Created by Gary Gygax, D & D games were initially non­
computer games of exploration, cooperation, and conflict, but needed a minimum number of players to 
play the game. However, this idea have been transformed with the use of computer generated characters, 
to facilitate one player gaming (Crawford, 1984).
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n e w e r g a m es . A d v e n tu re s  u su a lly  in v o lv e  e x p lo ra tio n  a n d  d is c o v e ry  le a rn in g , as n o t a ll 
r e le v a n t in fo rm a tio n  is g iv e n  to  th e  p la y e r  a t th e  b e g in n in g  o f  th e  gam e.
3A.2.2 War Games
T h e se  g a m e s  in v o lv e  th e  s tra teg ic  m a n ip u la tio n  o f  a rm ie s  and  a tta c k  sce n a rio s  in 
o rd e r  to  b e a t a n o th e r  o p p o n e n t. T h e re fo re , th e  fo rm u la tio n  o f  c o m p le x  s tra te g ie s  is 
n e c e s sa ry  to  su cceed . N o n -c o m p u te r  W a r g a m e s  h a v e  b e e n  a ro u n d  fo r  c e n tu r ie s  w ith  
m a n y  b a ttle  p la n s  b e in g  e ith e r  d ra w n  o r  d e m o n s tra te d , w ith  th e  u se  o f  re p re se n ta tio n a l 
o b je c ts . In  th e  c o m p u te r  g am es , th e  g a m e  s c e n a r io s  a n d  c h a ra c te rs  a re  c o m p u te r  
g e n e ra te d . E x a m p le s  o f  th is  ty p e  o f  g a m e s  in c lu d e : E A S T E R N  F R O N T  1941 (C ra w fo rd , 
1 9 8 0 ’s) and  C O M M A N D  A N D  C O N Q U E R . B o th  in v o lv e  a  le n g th y  p e r io d  o f  g a m e p la y  
th a t  is c h a ra c te r is tic  o f  th is  ty p e  o f  g a m e . C e r ta in  b o a rd  g a m es  su ch  as  c h e ss , h av e  a lso  
b een  c o n v e r te d  in to  a  c o m p u te r  to  fa c ili ta te  o n e  p la y e r  g a m in g .
3A.2.3 Educational Games
D e m p se y  e t al. (1 9 9 3 ) d e fin e  In s tru c tio n a l (o r  E d u c a tio n a l)  g a m in g  as  a n y  o v e r t 
in s tru c tio n a l o r  le a rn in g  fo rm a t th a t  in v o lv e s  c o m p e tit io n  an d  is ru le  g u id e d . T h e  
c o m p e titio n  d o e s  n o t h av e  to  in v o lv e  m o re  th a n  o n e  p la y e r , s in c e  th e  p la y e r  can  c o m p e te  
w ith  h im /h e r  s e lf  (u s in g  so m e  sc o r in g  sy stem ) o r  a g a in s t th e  c o m p u te r  g e n e ra te d  
o p p o n e n ts . T h e re fo re  m a n y  c o m p u te r  b ased  ta sk s  in a n  e d u c a tio n a l e n v iro n m e n t can  be 
c o n s id e re d  as e d u c a tio n a l g a m es . F o r  e x am p le , a  d r il l  a n d  p ra c tic e  p ro g ra m  c a n  be 
c o n s id e re d  a  g a m e  i f  a  s c o re  is  g iv e n  a t th e  en d  a n d  re g is te re d  on  a  h ig h -sc o re  ta b le  o r  
w ith  th e  u s e r ’s p re v io u s  re su lts . D e m p se y  e t  a l (1 9 9 3 ) in  th e ir  re v ie w  o f  in s tru c tio n a l 
g a m in g  o v e r  th e  p re v io u s  d e c a d e , se p a ra te d  g a m es  in to  s im u la tio n s , p u z z le s , a d v en tu re s , 
e x p e r im e n ta l  g a m es , m o tiv a tio n a l g a m e s , m o d e llin g  and  o th e rs , fo r  e x am p le , fram e  
g am es . N o n -c o m p u te r  f ra m e  g a m e s  h a v e  o f te n  b een  u se d  in  b u s in e s s  to  fa c ili ta te  g ro u p  
c o h e s io n  and  k n o w le d g e  o f  g ro u p  p ro c e ss e s  (e .g ., G ro w in g  a  T e a m , V e rtre e s , 1997). 
D e m p se y  e t  a l (1 9 9 3 ) fo u n d  th a t s im u la tio n  g a m e s  w e re  th e  m o s t c o m m o n  ty p e  o f  
e d u c a tio n  g a m e  fo u n d  in  th e  lite ra tu re . C ard  g a m es  a re  a lso  fo u n d  in  th is  c a te g o ry  d u e  to
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th e  d e te rm in a tio n  o f  p ro b a b il i t ie s  an d  r isk . N e v e r th e le s s  th e re  is m u c h  d e b a te  as to  
w h e th e r  th e se  g a m es  sh o u ld  p ro m o te  th e  g a m b lin g  a sp e c t  o f  th e ir  re a l- life  u se  (D e m p se y  
e t a l ,  1997).
3.4.2.4 Simulation Games
T h e  te rm  ‘s im u la t io n ’ re fe rs  to  an  o b je c tiv e  c o m p u te r  re p re se n ta tio n  o f  
re a l-w o rld  p h e n o m e n a . H o w e v e r , i f  a  s c o re  is g iv e n  d u rin g  th e  s im u la tio n  an d  is 
c o m p a re d  w ith  su c c e ss iv e  a tte m p ts , th e n  th e  s im u la tio n  b e co m e s  a  s im u la tio n  g am e, as 
th e  e le m e n t o f  c o m p e titio n  is in tro d u c e d . T h e  m e re  c o m p le tio n  o f  an  e v e n t d u rin g  a 
s im u la tio n  d o e s  n o t m a k e  it a  g a m e  (D e m p s e y  e t  al, 1993). In  an  in s tru c tio n a l c o n te x t, 
th e se  g a m es  c a n  be u sed  to  c h a n g e  a tti tu d e s  (e .g ., G H E T T O ), im p ro v e  k n o w le d g e  o f  
c e r ta in  su b je c ts  (e .g ., O R E G O N ), im p ro v e  in te rp e rs o n a l sk ills  an d  g ro u p  d e c is io n  m a k in g  
(e .g ., IN S 2 ) and  le a rn in g  c a u s e  a n d  e f fe c t  (e .g ., T H E  IN C R E D IB L E  M A C H IN E ). 
S im u la tio n  g a m e s  a re  th e  m o s t c o m m o n  ty p e  o f  c o m p u te r  g a m es  u sed  in  e d u c a tio n  
b e ca u se  o f  th e ir  lo n g  h is to ry  a n d  n e w  a d v a n c e s  in  c o m p u te r  te c h n o lo g y .
3.4.2.5 Management Games
T h e se  g a m e s  fo c u s  o n  th e  m a n a g e r ia l sk ills  o f  th e  p lay er . G a m e s  o f  th is  
ty p e  g e n e ra lly  in v o lv e  c o m p le x  lo g ic a l a n d  s tra te g ic  th o u g h t. G e n e ra l th e m e s  in v o lv e  th e  
c o n s tru c tio n  o f  c itie s , c iv iliz a t io n s  o r  e v e n  th e m e  p a rk s . T h e  p la y e r  o fte n  h as  to  c o n s tru c t 
a n  e n v iro n m e n t an d  m a in ta in  it o v e r  a  p e r io d  o f  tim e . T h is  in v o lv e s  m a n ag in g  b o th  
re so u rc e s  and  p e o p le  in  o f te n  d if f ic u l t  sce n a rio s . G a m e p la y  is q u ite  lo n g  in  th e se  g a m es  
a n d  u su a lly  ta k e s  a  n u m b e r  o f  h o u rs  to  f in ish  a  g a m e . S IM C IT Y  is an  e x a m p le  o f  th is  
ty p e  o f  g a m e . T h e se  g a m e s  h a v e  o f te n  b e e n  u s e d  in  b u s in e s s  to  im p ro v e  m a n a g e r ia l sk ills  
a n d  te s t le v e ls  o f  c o m p e te n c y . T h e s e  g a m e s  a re  in h e re n tly  e d u c a tio n a l as  m o s t o f  th e  
c o m p u te r  e n v iro n m e n ts  o r  g a m e  s c e n a r io s  a re  s im u la tio n s  o f  re a l- life  s itu a tio n s.
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3.4.2.6 Miscellaneous
T h e re  a re  m a n y  o th e r  g a m es  th a t do  n o t se e m  to  f it f la w le ss ly  in to  th e  o th e r  
c a te g o rie s  o f  S tra te g y  g am es . B o a rd  g a m e  c o n v e rs io n s  (su c h  as M O N O P O L Y ) se e m  to  
be q u ite  p o p u la r  a m o n g s t c o m p u te r  g a m e  p la y e rs . T h e  c o m p u te r  c a n  a c t as  th e  o p p o n e n t 
and  its  le v e l o f  e x p e r tise  c a n  be  a lte re d  to  m a tc h  th e  a b ility  o f  th e  p la y e r . T h e re  e x is t 
so m e  g a m e s  w h ic h  fo c u s  b o th  o n  c o g n itiv e  sk ills , a n d  s e n s o r im o to r  sk ills . E x a m p le s  o f  
th e se  g a m e s  in c lu d e  T E T R IS  an d  P U Z Z L E  B O B B L E . T E T R IS  re lie s  h e a v ily  o n  th e  
m e n ta l ro ta tio n  a b ility  o f  th e  u se r  to  c o n tro l fa llin g  sh a p e s  a n d  p la c e  th e m  a m o n g s t 
p re v io u s ly  p la c e d  p ie c e s  a t th e  b o tto m  o f  th e  screen . P U Z Z L E  B O B B L E  in v o lv e s  th e  
s h o o tin g  o f  a  c o lo u re d  b a ll to  th e  to p  o f  th e  sc ree n  w h e re  v a rio u s  o th e r  ba lls  a re  
p o s itio n e d . W h e n  th e  b a ll h its  tw o  o r  m o re  o th e r  ba lls  o f  e q u a l c o lo u r  s im u lta n eo u s ly , 
th e y  d isa p p e a r . T h e  a im  o f  th e  g a m e  is to  m a k e  a ll o f  th e  b a lls  d is a p p e a r  o f f  th e  sc reen . 
T h is  g a m e  a lso  in v o lv e s  a  h ig h  lev e l o f  s tra te g ic  th o u g h t as  w e ll as fa s t ac tio n  b y  th e  
g a m e -p la y e r.
3.5 Incorporating gaming strategies into multimedia software design:
C o m p u te r  g a m es  c a n  se rv e  m a n y  fu n c tio n s . T h e y  m a y  u se d  to  e n te rta in , tu to r , 
p ra c tic e  sk ills , d e v e lo p  n e w  sk ills , a u to m a tise , o r  ev en  c h a n g e  a ttitu d e s . In  th e ir  re v ie w  o f  
th e  li te ra tu re , D e m p se y  a n d  h is  c o lle a g u e s  (1 9 9 3 ) o u tlin e  so m e  in s tru c tio n a l b e n e f its  o f  
g am es . T h e s e  in c lu d e  im p ro v e d  p ra c tic a l re a so n in g  sk ills , in c re a se d  m o tiv a tio n , re d u c e d  
tra in in g  t im e  a n d  in s tru c to r  o v e rlo a d . G a m in g  s tra te g ie s  h a v e  b e en  e m p lo y e d  in  su ch  
a re as  as  a tte n tio n  re d u c tio n  tra in in g  an d  c o m p le x  p ro b le m  so lv in g .
3.5.1 Studies on Games
T h e  re s e a rc h  o n  th e  u se  an d  e f fe c tiv e n e s s  o f  g a m in g  in  e d u c a tio n  is  q u ite  sp a rse  
(D e m p se y  e t  a l (1 9 9 7 ) . A  s tu d y  o f  e d u c a tio n a l g a m e s  a n d  th e  e ffe c t o f  g e n d e r and  
le a rn in g  s ty le s , w a s  c o n d u c te d  b y  D e m p se y , L u c a sse n , H a y n e s  &  C a se y  (1 9 9 7 ). In  th e ir  
s tudy , 4 0  ‘e d u c a tio n a l’ c o m p u te r  g a m es  fro m  e ig h t d if fe re n t c a te g o rie s  su ch  as
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A d v e n tu re s , C a rd  g am es, s im u la tio n s , A rc a d e , B o a rd  g a m es , P u z z le s , W o rd  g am es and  
M isc e lla n e o u s  g a m es  w ere  p la y e d  b y  40  a d u lts  (20  m a le  &  20  fe m a le ). V a rio u s  te s ts  
w ere  a d m in is te re d  to  th e  su b je c ts  to  a sc e r ta in  th e ir  d e m o g ra p h ic s  (ag e , e x p e r ie n c e ..e tc .) , 
th e ir  e x p e r ie n tia l s ty le s  (K o lb ’s L e a rn in g -S ty le  In v e n to ry ; K o lb , 1984), gam e 
p re fe re n c e s , and  th e ir  d e g re e  o f  o p tim is m /p e s s im ism  (C A S -Q  In v e n to ry ; S e lig m an , 
1992). T w o  g a m in g  sca le s  w e re  sp e c if ic a lly  d e v e lo p e d  fo r  c o m p u te r  gam e  u se  an d  
a d m in is te re d  a f te r  e a c h  g am e. F irs tly , a  M o tiv a tio n  G a m in g  S c a le  (a  m o d if ica tio n  o f  
K e lle r ’s M o tiv a tio n  sca le ; K e lle r , 1987) m e asu re d  a tte n tio n , re le v a n c e , c o n fid e n c e  an d  
sa tis fa c tio n  fo r  c o m p u te r  g am in g . S e c o n d ly , a  G a m in g  A ttr ib u te  S c a le  w a s  d e riv e d  fro m  
th e  li te ra tu re  re v ie w . “T h e  a re a s  a n a ly se d  f ro m  th is  sc a le  in c lu d e d : c h a lle n g e , fan ta sy , 
c u r io s ity  (M a lo n e , 1981); f id e lity , a r tif ic ia lity , in te ra c tiv ity  (D u c h a s te l, 1991; C o m p le x ity  
(Ja co b s  &  D e m p se y , 1993); a n d  c o n tro l  (W e s tro m  &  S h a b a n , 1 9 9 2 ).”  (D e m p sey  e t al, 
1997, p. 4).
In  a  c o m p a r iso n  o f  th e  re la te d  item s on  M o tiv a tio n  G a m in g  S c a le  by  G a m in g  
A ttr ib u te  S ca le , re su lts  sh o w e d  th a t:
•  C ard  g a m e s  and  a rc ad e  g a m e s  w e re  m o re  lik e ly  to  be  c o n s id e re d  E y e -c a tc h in g  by  th e  
user. -i
•  P u z z le  an d  b o a rd  g a m es  se e m e d  to  hav e  a  h ig h  le v e l o f  e n jo y m e n t fo r  th e  p a ra d o x ic a l 
n a tu re  o f  th e  gam e  an d  le ss  n eed  fo r  h id d e n  in fo rm a tio n .
•  B o a rd  g a m es  p ro v id e d  little  v a r ia b il i ty  e n o u g h  to  m a in ta in  a tte n tio n .
•  T h e  le a s t a m o u n t o f  c o n tro l w a s  fo u n d  fo r  s im u la tio n s .
•  T h e  g a m e s  w h ic h  in d ic a te d  th e  g re a te s t le v e l o f  sa tis fa c tio n  w e re  B o a rd , W o rd  and  
M isc e lla n e o u s  g a m es  w ith  th e  A d v e n tu re  an d  C a rd  g a m es  h a v in g  th e  lo w e s t levels.
T h e  re su lts  o f  th e  in te rv ie w s  w ith  th e  su b jec ts  s h o w e d  so m e  su g g es tio n s  to the  
use  o f  c o m p u te r  g a m es  in  a n  e d u c a tio n a l se ttin g . T h e se  a re  s h o w n  in  T a b le  3.1
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T a b le  3 .1 . S u g g e s te d  U se s  o f  C o m p u te r  G a m e s  in  an  E d u c a tio n a l S e ttin g . F ro m  D e m p se y  
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T h e  re s u lts  sh o w e d  th a t, in  g e n e ra l, fe m a le  su b je c ts  fo u n d  th e  g a m es  le ss  
m o tiv a tin g , w e re  le ss  o p tim is tic , an d  fe lt th e ir  su c c e ss  w as  d u e  m o re  to  lu c k  th a n  sk ill in  
c o m p a r iso n  to  th e  m a le  su b jec ts . A n  a n a ly s is  o f  K o lb ’s L e a rn in g  S ty le s  sh o w e d  th a t 
fe m a le s  w e re  la rg e ly  a c c o m m o d a to rs  an d  d iv e rg e rs , w ith  th e  m a le s  b e ing  m o re  
a ss im ila to rs  and  c o n v e rg e rs . T h is  w as  re f le c te d  in  th e  g a m e p la y  w ith  a  la rg e r  p e rc e n ta g e  
o f  fe m a le s  (an d  a c c o m m o d a to rs )  b e in g  le ss  c o m p e titiv e  th a n  th e  m a le s  (a n d  a ss im ila to rs ) . 
E x p e r ie n c e  w ith  e a c h  ty p e  o f  g a m e  v a r ie d  b e tw e e n  th e  fo u r q u a d ra n ts . F o r  ex am p le , 
a c c o m m o d a to rs  w e re  m o re  e x p e r ie n c e d  w ith  w o rd  g a m es  w h ile  th e  m a jo r ity  o f  
re m a in in g  le a rn in g  s ty le s  w e re  n e u tra l in  ra tin g  th e ir  e x p e r ien c e .
W ith  D e m p se y  e t a l ’s s tu d y , th e  su b je c ts  w h o  p a r tic ip a te d  in  th e  e x p e r im e n ts  
w ere  b e tw e e n  18 an d  51 y ears  o f  ag e . S in c e  th e se  su b je c ts  w e re  m a tu re  an d  fre q u e n t 
c o m p u te r  u se rs , th e  e ffe c ts  fo u n d  w ith  th e  v a r io u s  le a rn in g  s ty le s  m a y  be  d if fe re n t fo r 
y o u n g e r a g e  g ro u p s . A lso , p re se n tin g  su ch  a  d e ta i le d  q u e s tio n n a ire  w o u ld  be im p o ss ib le  
fo r  y o u n g  c h ild re n  to  c o m p re h e n d  a n d  a n sw e r. W h a t is in te re s tin g  th o u g h , is th a t th e  
d if fe re n t le a rn in g  s ty le s  sh o w e d  v a ry in g  le v e ls  o f  c o m p e titiv e n e s s . A ss im ila to rs  w ere  
fo u n d  to  be  m o s t c o m p e titiv e , w h ile  D iv e rg e rs  w e re  fo u n d  to  be  le a s t c o m p e titiv e . L ess  
c o m p e titiv e  D iv e rg e rs  te n d e d  to  be  fe m a le . W ith  th is  in  m in d , th e  d e s ig n  o f  g a m e s  (o r 
e le m e n ts  su c h  as  c o m p e titiv e n e s s )  c o u ld  be  ta ilo re d  to  th e  le a rn in g  s ty le s  o f  th e  s tu d en ts .
In  a  re v ie w  o f  e d u c a tio n a l e ffe c tiv e n e s s  o f  g a m e s  (b o th  c o m p u te r  and  n o n ­
c o m p u te r) , R a n d e l e t  a l (1 9 9 2 ) fo u n d  se v e n  o u t  o f  e ig h t s tu d ie s  in v o lv in g  m a th s  fo u n d  
th a t th e  u se  o f  g a m es  w as  s u p e r io r  to  c la s s ro o m  in s tru c tio n  fo r  im p ro v in g  m a th  
a c h ie v e m e n t. F iv e  o u t  o f  six  s tu d ie s  d e m o n s tra te d  th a t g a m es  c a n  te a c h  la n g u ag e  a rts  
e ffe c tiv e ly , p a r t ic u la r ly  w h e n  sp e c if ic  o b je c tiv e s  a re  g iv e n  to  th e  s tu d en t. 
S im u la tio n /g a m e s  sh o w  g re a te r  re te n tio n  o v e r  tim e  th a n  c o n v e n tio n a l c la s s ro o m  
in s tru c tio n . In  12 o u t o f  14 s tu d ie s , s tu d e n ts  re p o rte d  m o re  in te re s t in  s im u la tio n  and  
g a m e  a c tiv itie s  th a n  in  m o re  c o n v e n tio n a l c la s s ro o m  in s tru c tio n .
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B y  fa r, th e  m o s t c o m m o n  g a m in g  s tra te g y  e m p lo y e d  b y  th e  p a r tic ip a n ts  in  
D e m p se y  e t a l ’s (1 9 9 7 ) s tu d y  w a s  fo u n d  to  b e  tr ia l a n d  e rro r. T h e y  fo u n d  su b jec ts  o ften  
u sed  tr ia l a n d  e r ro r  in itia lly , an d  th e n  lo o k e d  fo r  in s tru c tio n s  a n d  h in ts  w ith in  th e  gam e. 
T h e  s tra te g ie s  u sed  d e p e n d e d  o n  th e  ty p e  o f  g a m e  b e in g  p la y e d  as  e a c h  g a m e  p la y e d  had  
its o w n  u n iq u e  e le m e n ts . E x a m p le s  o f  o th e r  s tra te g ie s  u sed  in c lu d e : re tra c in g  s tep s , be ing  
a w are  o f  su rro u n d in g s , u s in g  p r io r  k n o w le d g e , p a y in g  a tte n tio n  to  c o n se q u e n c e s , re a d in g  
a lo u d , u s in g  d if fe re n t p h ra se s , r a n d o m  sh o o tin g , try in g  d if fe re n t ro u te s , try in g  d iffe re n t 
se le c tio n s  b a se d  on  fe e d b a c k  in  th e  g a m e , u s in g  o p tio n s  w ith in  th e  g a m e  (e .g ., ex tra  
sc reen s, sp e e d  o f  g a m e) , g o in g  on  fe e lin g s  ra th e r  th a n  p ro b a b ilit ie s , try in g  to  e s ta b lish  a 
p a tte rn , ta k in g  n o te s  ..e tc . “P ro v id in g  e x a m p le s  o f  h o w  to  p la y  th e  g a m e, w in n in g  
p ro to ty p e s , c a n  fa c ilita te  e n g a g e m e n t in  a  g a m e  as  w e ll as  in c id e n ta l  le a rn in g ” (D e m p sey  
e t a l ,  1997, p . 11).
F ro m  D e m p se y  e t  a l ’s (1 9 9 7 ) g a m e  s tra te g y  re su lts , it is a p p a re n t th a t tr ia l and  
e rro r  w as th e  m o s t c o m m o n  m e th o d  fo r  u n d e rs ta n d in g  h o w  a  g a m e  w o rk s . L ea rn in g  ho w  
th e  g a m e  o p e ra te s  ta k e s  tim e  an d  re q u ire s  p ra c tic e . T h e re fo re  s im p lic ity  in  d e s ig n  and  
c lea r  an d  c o n c ise  in s tru c tio n s  a re  im p o r ta n t  fa c to rs  fo r  in c lu d in g  g a m e s  as  in s tru c tio n a l 
too ls . W ith  e x o g e n o u s  g a m es , th e  fo rm a t is o f te n  b o th  s im p le  an d  fa m ilia r  to  th e  users. 
T h is  re d u c e s  th e  “ a v e rs io n  fa c to r” to  le a rn in g  in  a  n ew  an d  c o m p le x  e n v iro n m e n t. A  
c o m m o n  p ro b le m  th a t is fo u n d  in  e d u c a tio n a l p ro g ra m s  is th e  la ck  o f  p re s e n ta tio n  o f  
o b je c tiv es . T h is  c o m m o n ly  le a d s  to  f ru s tra tio n  a n d  c o n fu s io n  to  w h a t th e  u se r is  e x p e c te d  
to  do . B ia lo  &  E r ic k s o n  (1 9 8 5 ) in  a n  e v a lu a tio n  o f  163 c o m p u te r  g a m es , fo u n d  th a t on ly  
o n e -th ird  o f  a ll th e  p ro g ra m s  h ad  “ w e ll d e f in e d  e d u c a tio n a lly  a p p ro p ria te  o b je c tiv e s” . 
T h e  n e x t se c tio n  in th is  c h a p te r  d e sc r ib e s  tw o  ty p e s  o f  g a m e s  u se d  fo r  in s tru c tio n a l 
p u p o ses .
3.6 Endogenous and Exogenous games
F o r th e  p u rp o se s  o f  b e tte r  u n d e rs ta n d in g  c o m p u te r  g a m es  p e d a g o g ic  ro le  in  C A I it 
is n e c e s sa ry  to  d e fin e  tw o  in h e re n t ty p e s  o f  e d u c a tio n a l g a m es . F o r  th is  p u rp o s e  it  is
3.5.2 Gaming Strategies
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su g g e s te d  th a t  th e y  be  re fe rre d  to  as E x o g e n o u s  an d  E n d o g e n o u s  g am es. T h e  w o rd  
e n d o g e n o u s  m e a n s  g ro w in g  o r  o r ig in a tin g  f ro m  w ith in  w h e re a s  th e  w o rd  e x o g e n o u s  is 
d e fin e d  as g ro w in g  o r  o r ig in a tin g  f ro m  o u ts id e  (T h e  C o n c ise  O x fo rd  D ic tio n a ry , 1995). 
M alo n e  (1 9 8 1 ) d is tin g u is h e d  b e tw e e n  g a m e s  th a t u se  in tr in sic  fa n ta s ie s  a n d  ex trin s ic  
fa n ta s ie s  (see  c h a p te r  1) and  su g g e s te d  th a t  g a m es  w h ic h  e m p lo y  e x tr in s ic  fa n ta s ie s  can  
be su p e r im p o se d  o n to  a  c u rr ic u lu m  w h e re  th e  p la y e r  w o rk s  to w a rd s  a  fa n ta sy  go a l. A le ss i 
and  T ro llip  (1 9 9 1 , p. 182) in th e ir  e x c e lle n t b o o k  o n  c o m p u te r  b ased  in s tru c tio n  m en tio n  
th e  id e a  o f  te m p la te s  o r  te m p la te  g a m es . T h e y  s ta te  th a t “ th e se  a re  g a m e s  w h o se  fo rm  
len d s  i ts e lf  to  b e in g  u sed  in  a  v a r ie ty  o f  a re a s ” . T h e y  g iv e  a  g o o d  e x p la n a tio n  o f  th e  o f  
the  g a m es  as  b e in g  e a sy  to  re p ro d u c e  and  a p p ly  in  a  v a r ie ty  o f  c o n te x ts  o r su b jec t a reas . 
H o w e v e r th is  is to o  v a g u e  a  d e fin itio n  fo r  th e ir  in c lu s io n  in to  e x is tin g  in s tru c tio n a l 
fo rm a ts  su ch  as  tu to r ia ls  o r  d rills . R ie b e r  (1 9 9 6 ) fu r th e r  c la r if ie s  fa n ta s ie s  as  be in g  e ith e r 
e n d o g e n o u s  o r  e x o g e n o u s  to  th e  g a m e ’s c o n te n t. F o r g am es w h ic h  u se  e x o g e n o u s  
fa n ta s ie s  (e .g ., H a n g m a n )  th e y  a re  in d e p e n d e n t o f  th e  c o u rse w a re  c o n te n t and  an y  c o n te n t 
c an  be su p e r im p o se d  on  to p  o f  th is  fan ta sy . F u r th e rm o re , R ie b e r c o n s id e re d  e x o g e n o u s  
fa n ta s ie s  to  be  th e  e d u c a tio n a l “ su g a r c o a tin g ” . R ie b e r  (1 9 9 6 ) s ta ted  th a t gam es w h ich  
e m p lo y  e n d o g e n o u s  fa n ta s ie s  w e a v e  th e  c o n te n t in to  th e  gam e. T h e  u se r  d o e s n ’t k n o w  
w h e re  th e  g a m e  s to p s  an d  th e  c o n te n t beg in s.
E x o g e n o u s  g a m es  a re  th e re fo re  d e fin e d  as  g a m e s  w h ic h  a re  in d e p e n d e n t o f  th e  
c o u rse w a re , w ith  s im p le  fo rm a ts  an d  th a t e m p lo y  e x o g e n o u s  fa n ta s ie s . E n d o g e n o u s  
g a m es  c a n  b e  c o n s id e re d  to  be  g a m e s  w h ic h  a re  d e p e n d e n t o n  th e  c o n te n t o f  th e  
c o u rs e w a re  and  th a t  e m p lo y  e n d o g e n o u s  fa n ta s ie s . T h e se  g a m e s  a re  u su a lly  m o re  
c o m p le x  in  n a tu re  a n d  n eed  to  ta ilo re d  sp e c if ic a lly  to  th e  su b jec t b e in g  le a rn t. A n 
e x a m p le  o f  a n  e n d o g e n o u s  g a m e  w o u ld  be  H e a rtp in  (M ic ro so f t, 1996). In  th is  g am e , the  
p in b a ll  S & A  g a m e  is u se d  to  sh o w  h o w  b lo o d  flo w s  th ro u g h  th e  h e a rt. T h e  s tu d en t u ses  
th e  p a d d le  a t  th e  b o tto m  o f  th e  s c re e n  to  h it th e  b a ll p a s t  th e  v a lv e s  o f  th e  h e a r t in  th e  
sam e  d ire c tio n  as  th e  b lo o d  w o u ld  f lo w  in  a  re a l  h u m a n  h e art. U n fo rtu n a te ly , it is v e ry  
d iff ic u lt to  tra n s fe r  th e se  g a m es  o n to  o th e r  su b jec t a reas . B o th  e n d o g e n o u s  and  
e x o g e n o u s  g a m e s  c a n  p ro m o te  th e  u se  o f  in tr in s ic  fa n ta s ie s  as w e ll as  e x tr in s ic  fan tasies .
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T h e  te rm  e n d o g e n o u s  g a m e  h as  b een  u sed  s in c e  R ie b e r ’s (1 9 9 6 ) p a p e r  w ith o u t su p p ly  o f  
a  fo rm a l d e f in itio n  (e .g ., Jo n es , 1997).
Jo n e s  (1 9 9 7 , p . 5) s ta te d  th a t o n e  p o in t th e  R ie b e r d id  n o t ra ise  in  h is  a r tic le  w as 
th a t “ in  e n d o g e n o u s  g a m es , th e  k e y  to  c re a tin g  a  le a rn in g  e n v iro n m e n t is  th e  e n v iro n m e n t 
itse lf. T h e  e n v iro n m e n t is m o re  th an  s im p ly  th e  su m  o f  s e p a ra te  p a r ts , bu t it is and  e n tity  
in an d  o f  i t s e l f ’. T h e  a u th o r  a g re es  w ith  Jo n e s  in  th e  s e n se  th a t i f  th e  g a m e  is  th e  teach in g  
to o l, th e n  w e  c a n  c o n s id e r  th e  g am e  as a n  “ e n ti ty  in  a n d  o f  i t s e l f ’, b u t w h e n  th e  
e n d o g e n o u s  g a m e  is u se d  in  a  la rg e r c o n te x t, it re m a in s  as  a  s e p a ra te  p a r t  o f  th e  w h o le  
le a rn in g  “ m ic ro w o rld ” . T h e  le a rn in g  sh o u ld  be  a n  e x p lic it  u n d e rs ta n d in g  o f  th e  w h o le  
le a rn in g  se ss io n , w h e re  o b je c tiv e s  se t o u t in  th e  s e s s io n  h a v e  b e e n  fu lf il le d  by  th e  
s tu d en t. L e a rn in g  th ro u g h  th e  u se  o f  an  e n d o g e n o u s  g a m e  is  d is c u s se d  b e lo w .
3.6.1 Research on Endogenous Games
In  th e ir  s tu d y , R ie b e r &  N o a h  (1 9 9 7 ) in v e s tig a te d  th e  in f lu e n c e  o f  g a m e-lik e  
a c tiv itie s  an d  g ra p h ic a l o rg a n ise rs  o n  a d u lt le a rn in g  d u rin g  a  c o m p u te r -b a se d  s im u la tio n . 
In  an  a n a ly s is  o f  b o th  q u a n tita tiv e  a n d  q u a lita tiv e  re su lts , th e y  fo u n d  th a t  by  in tro d u c in g  a 
g am in g  c o n te x t fo r  a  p h y s ic s  s im u la tio n , s u b je c ts ’ in tr in s ic  m o tiv a tio n  in c re a se d . W h ile  
th e  p a r tic ip a n ts ’ s c o re s  in c re a se d  w ith  p ra c tic e  o n  th e  g a m e, p ro m o tin g  ta c i t  le a rn in g  o f  
a c c e le ra tio n  an d  v e lo c ity , th e  g a m in g  e n v iro n m e n t d id  n o t p ro m o te  re f le c tiv e  c o g n itio n . 
In  fac t, it in te rfe re d  w ith  e x p lic it  le a rn in g  o f  th e  sc ie n tif ic  c o n c e p ts . P a r tic ip a n ts  w ere  
lees  ab le  to  a n sw e r th e  q u e s tio n s  th a t  re lie d  o n  e x p lic it  u n d e rs ta n d in g  o f  th e  p h y s ic a l 
re la tio n sh ip s  a t w o rk . S u b je c ts  in  th e  g a m in g  g ro u p  also  re p o r te d  lo w e r  re sp o n se  
c o n fid e n c e  an d  p e rc e iv e d  c o m p re h e n s io n . T h e  g a m in g  e n v iro n m e n t p ro m o te d  
e x p e r ie n tia l c o g n itio n  (as  su b je c ts  w e re  h ig h ly  e n g a g e d  in  th e  g a m e ) , b u t re d u c ed  
re f le c tiv e  c o g n itio n . T h is  is  in  a g re e m e n t w ith  p re v io u s  re s e a rc h  o n  th is  to p ic : w hen  
g a m e - lik e  a c tiv itie s  (in  p h y s ic a l sc ie n c es )  a re  g iv en  to  su b jec ts , th e y  “ h a v e  g re a t 
d if f ic u lty  in  tra n s fo rm in g  th is  e x p e r ie n t ia l  (o r  ta c it)  k n o w le d g e  in to  an  e x p lic it 
u n d e rs ta n d in g  o f  th e  sc ie n tif ic  p r in c ip le s  (as  m e a su re d  b y  tra d it io n a l  p e r fo rm a n c e  te s ts , 
su ch  as  p o s t- te s ts )  (R ie b er, 1996; R ie b e r  e t  al, 1 9 9 6 )”  (R ie b e r &  N o a h , 1997 , p . 9).
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F o r re f le c tiv e  c o g n itio n  to  o c cu r , th e  s tu d e n t m u s t be  ab le  to  d is tin g u ish  th e  
e x p e r ie n tia l n a tu re  o f  th e  g a m e  fro m  th e  e x p lic it  le a rn in g  o f  th e  m ate ria l. I t  is th e  o p in io n  
o f  th e  a u th o r  th a t th e  e n d o g e n o u s  s im u la tio n  g a m e  in  R ie b e r  and  N o a h ’s (1 9 9 7 ) study , 
c au se s  the  u se r  to  d iv e r t a tte n tio n  f ro m  th e  le a rn in g  o f  th e  c o n c e p t to  th e  p la y in g  o f  th e  
gam e. T h e  g a m e  m a y  re q u ire  to o  m u c h  o f  th e  u s e r ’s a tte n tio n  a n d  w o rk in g  m e m o ry , th u s  
re d u c in g  th e  a b ility  to  m e m o rise  th e  ta rg e t c o n c e p ts  to  be lea rn ed . M o re o v e r, d u e  to  th e  
c lo se  in te rw o v e n  n a tu re  o f  th e  c o u rs e w a re  c o n te n t and  th e  s im u la tio n  g a m e  and  th e  tim e  
sp e n t p la y in g  th e  g a m e  c o m p o n e n t, th e  s tu d e n t la c k s  th e  a b ili ty  (i.e . th e  tim e ) to  a sk  the  
q u e s tio n  ‘w h y ? ’. I t a p p e a rs  th a t  p ro c e d u ra l  k n o w le d g e  g a in e d  by  p la y in g  th e  g a m e  has 
p la y ed  a  m o re  d o m in a n t ro le  th a n  th e  d e c la ra tiv e  le a rn in g . T h is  m e an s  th a t  th e  m a s te ry  o f  
th e  gam e  h as  ta k e n  p re c e d e n c e  o v e r th e  m a s te ry  o f  th e  e x p lic it c o n c e p ts  w ith in  th e  gam e. 
T h e re  a re  v a r io u s  im p lic a tio n s  fo r th is  s tu d y  w ith in  in s tru c tio n a l d e s ig n . I t a p p ea rs  th a t 
g a m es , w h ic h  in v o lv e  a h ig h  le v e l o f  e n g a g e m e n t, im p ro v e  m o tiv a tio n , bu t n o t e x p lic it 
le a rn in g .
H a v in g  im p lic it k n o w le d g e  a b o u t a  su b jec t o fte n  m e a n s  th a t th e  in d iv id u a l is 
in h e re n tly  g o o d  a t a  ta sk , u s in g  th e  re le v a n t sk ills  to  a  su ff ic ie n t m a n n er. H o w e v e r, w hen  
p la y in g  g a m es , th e  m a s te ry  o f  su ch  im p lic it  le a rn in g  o f  th e  c o n c e p ts  an d  b e in g  a b le  to 
e x p lic itly  d e f in e  w h a t w as  b e in g  le a rn ed  is v e ry  d iff ic u lt. G a g n é  (1 9 7 7 ) su g g e s ts  th a t fo r 
tru e  le a rn in g  o f  v e rb a l in fo rm a tio n , th e  s tu d e n t is ab le  to  “ s ta te  i t” . T h is  is  d iff ic u lt w h en  
p la y in g  a  g a m e  a s  th e  c o n c e p ts  u sed  w ith in  th e  g a m e  a re  n o t e x p lic itly  d e f in e d  o r  lea rn ed  
as  e x p lic it k n o w le d g e . M o re o v e r , w ith  th e  p ra g m a tic s  o f  d e s ig n in g  e n g a g in g  g am es , it is 
o fte n  d if f ic u lt  to  see  h o w  it te a c h e s  th e  in fo rm a tio n .
M e rr ill  (1 9 9 6 , p . 6) s ta te s  th a t “ T h e re  a re  k n o w n  in s tru c tio n a l s tra teg ie s . T h e  
a c q u is itio n  o f  d if fe re n t ty p e s  o f  k n o w le d g e  a n d  sk ill re q u ire  d if fe re n t c o n d itio n s  fo r 
le a rn in g  (G a g n é , 1985). I f  an  in s tru c tio n a l e x p e r ie n c e  o r  e n v iro n m e n t d o e s  n o t in c lu d e  
th e  in s tru c tio n a l s tra te g ie s  re q u ire d  fo r  th e  a c q u is itio n  o f  th e  d e s ire d  k n o w le d g e  o r  sk ill, 
th e n  e ffe c tiv e , e ff ic ie n t, an d  a p p e a lin g  le a rn in g  o f  th e  d e s ire d  o u tc o m e  w ill  n o t  o c c u r .”
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T o  o v e rc o m e  th e  p ro b le m  o f  d e s ig n in g  a n  in s tru c tio n a l g a m e  th a t  in c lu d e s  th e  
n e c e s sa ry  in s tru c tio n a l s tra te g ie s , a  m o d e l is p ro p o s e d  fo r  in c lu s io n  o f  e x o g e n o u s  g a m e s  
th a t can  so lv e  b o th  th e  g a m e  d e s ig n  p ro b le m s  i.e . th e  tim e  an d  e f fo r t  o f  d e s ig n in g  a  n ew  
ty p e  o f  g a m e  a n d  th e  in s tru c tio n a l p ro b le m s  i.e . w h e re  e x o g e n o u s  g a m e s  c a n  o v e r la y  
e x is t in g  in s tru c tio n a l fo rm a ts  th a t  a lre a d y  in c lu d e  th e  n e c e s sa ry  in s tru c tio n a l s tra te g ie s  
fo r  th e  d e s ire d  le a rn in g  o u tc o m e s . T h is  m o d e l is  p ro p o s e d  in  C h a p te r  4.
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Chapter 4: Designing Instructional Software with the Inclusion of 
Exogenous Games
4.1 Exogenous Games
A s s ta te d  in  C h a p te r  3, e x o g e n o u s  g a m es  a re  g a m e s  w h ic h  a re  in d e p e n d e n t o f  th e  
c o u rse w a re  d e s ig n  a n d  e m p lo y  e x o g e n o u s  fa n ta s ie s . D u e  to  th e ir  s im p lic ity  o f  d e s ig n  an d  
re u sa b le  n a tu re  in  a n y  c o n te x t, th e  a u th o r  p ro p o s e s  th a t  e x o g e n o u s  g a m es  c a n  be  in se r te d  
in to  e x is tin g  in s tru c tio n a l fo rm a ts  a s  a id in g  o r  p ro v id in g  th e  a p p ro p ria te  in s tru c tio n a l 
e v en ts . T h e  m o d e l fo r  in c lu s io n  o f  e x o g e n o u s  g a m e s  in to  a  tu to r ia l s tru c tu re  is g iv e n  in  
F ig u re  4 .1 .
T w o  in s tru c tio n a l fo rm a ts , tu to r ia ls  a n d  d r il l  a n d  p ra c tic e  so ftw a re , a re  c o n sid e re d  
fo r  in c lu s io n  o f  e x o g e n o u s  g a m e s  b e c a u se  o f  th e ir  p re v a le n c e  w ith in  e d u c a tio n a l 
so ftw a re  and  th e ir  e a s ily  d e f in e d  c o n fig u ra tio n . In  1985 , th e  m o s t c o m m o n  e d u c a tio n a l 
p a c k a g e s  fo r  y o u n g  le a rn e rs  in c lu d e d  th e  d r il l  a n d  p ra c tic e  so ftw a re  an d  th e  c o m p u te r  
b a se d  tu to r ia l (B ia lo  e t  al, 1985). D rills  a c c o u n te d  fo r  5 0 %  o f  th e  e d u c a tio n a l p ro g ra m s , 
w h e re a s  tu to r ia ls  a c c o u n te d  fo r  19% . T h e  tu to r ia l  d e s ig n  u s u a lly  in v o lv e s  th re e  e v e n ts  o f  
in s tru c tio n : p re s e n tin g  in fo rm a tio n , te s tin g  k n o w le d g e  a n d  p ro v id in g  fe e d b a c k . H o w e v e r 
G a g n é  e t  a l (1 9 8 1 ) su g g e s t th a t th e  d e s ig n  o f  th e se  p ro g ra m s  c a n  be e x te n d e d  f ro m  th re e  
to  n in e  e v e n ts  o f  in s tru c tio n . D r il l  a n d  p ra c tic e  so f tw a re  u su a lly  in v o lv e s  o n ly  tw o  e v en ts  
su c h  as te s t in g  k n o w le d g e  a n d  p ro v id in g  fe e d b a c k . T h e  n e x t sec tio n  in  th is  c h a p te r  lo o k s  
a t v a rio u s  in se r tio n  p o in ts  fo r  th e  e x o g e n o u s  g a m e s  c o rre sp o n d in g  to  G a g n é ’s 
in s tru c tio n a l e v e n ts  a n d  lin k s  th e m  to  th e  c o n s id e ra tio n s  w h e n  d e s ig n in g  a  c o m p u te r-  
b a se d  tu to ria l.
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T itle  p ag e
SI
S e le c t le s so n
S ta te  o b jec tiv e s  
o f  le s so n
■ < -
G am e  in se rtio n  
p o in t 1 )
G a m e  in se rtio n  \  
p o in t 2 J
G a m e  in se rtio n  
p o in t 3
G a m e  in se rtio n  1 
p o in t 4 J
F ig u re  4 .1  T u to r ia l s tru c tu re  w ith  p ro p o s e d  in se r tio n  p o in ts  fo r  e x o g e n o u s  g am es
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4.1.1 Games as Engaging Environments
F irs tly , it is p ro p o s e d  th a t th is  tu to r ia l fo rm a t c a n  be in c o rp o ra te d  in to  an  
e x o g e n o u s  g am e. T h e  s tru c tu re  o f  th e  tu to r ia l re m a in s  in ta c t, b u t is in se r te d  in to  a  la rg e r 
g a m in g  e n v iro n m e n t. D rill a n d  p ra c tic e  p ro g ra m s  a re  c o n s id e re d  as re fe rr in g  to  th e  
te s tin g  p h a se  o f  th e  tu to r ia l as  th e y  re fe r  to  G a g n é ’s (1 9 7 7 ) in s tru c tio n a l e v e n ts  o f  
e lic itin g  p e rfo rm a n c e  an d  p ro v id in g  fe e d b a c k . T h e  e x o g e n o u s  g am e  p ro v id e s  th e  fa n ta sy  
w o rld  in  w h ic h  to  e m b ed  th e  c o u rs e w a re  an d  th e  te s tin g  e n v iro n m e n t. P la y in g  th e  g a m e  
e n g a g e s  th e  s tu d e n t and  fo c u s e s  a tte n tio n , th e re b y  fa c ilita tin g  b o th  p s y c h o lo g ic a l and  
p h y s ic a l  im m e rs io n  (W y n n  &  O liv e r, 1996). T h e  g a m e  g a in s  a n d  m a in ta in s  th e  a tte n tio n  
o f  th e  s tu d e n t w ith  th e  g ra p h ic a l d isp la y s  an d  in te ra c tio n s  w ith  th e  u se r . T h is  m ay  be  o f  
th e  fo rm  o f  tex t, g ra p h ic s  o r  bo th , in tw o  o r  th re e  d im e n s io n s . W h ile  p la y in g  th e  g am e  th e  
s tu d e n t’s s e n so ry  an d  c o g n it iv e  c u r io s ity  is m a in ta in e d  by  th e  n a tu re  o f  th e  g a m e  its e lf  
(M a lo n e , 1981). T h e  d rills  o r  tu to r ia l p ie c e s  a re  e m b e d d e d  in to  th e  s tru c tu re  o f  th e  gam e  
an d  a p p e a r a t v a rio u s  s ta g e s  as  o b s ta c le s  o r  c h a lle n g e s  to  be o v e rc o m e . T h e  s tu d e n t m u s t 
p a ss  th e se  o b s tac le s  to  c o n tin u e  p la y in g  th e  gam e. I t  is p o s s ib le  th a t e ac h  o f  G a g n é ’s 
in s tru c tio n a l e v e n ts  can  b e  in c lu d e d  as  p a r t  o f  th e  g a m e  s to ry b o a rd  an d  scen a rio s .
T h e  e n g ag in g  e x o g e n o u s  g a m e  c a n  p re s e n t an  o p p o r tu n ity  fo r  th e  p re se n ta tio n  o f  
th e  su b je c t m a tte r  as w e ll a s  th e  te s tin g  sec tio n s  (as  fo u n d  in  d r i l l  an d  p ra c tic e  so ftw a re ) . 
F o r in s ta n c e , in  an  a d v e n tu re -g a m e  tu to r ia l, th e  u se r  c o u ld  e x p lo re  th e  m ic ro w o rld  fo r 
in fo rm a tio n  p e r ta in in g  to  a  la rg e r  su b je c t a re a  (e .g ., a  p ie ce  o f  a  m a th e m a tic a l fo rm u la  
co u ld  be g iv en  w h e n  f in d in g  n e w  in fo rm a tio n  an d  th e n  u se d  to  w o rk  o u t p ro b le m s  la te r  
d u rin g  th e  g am e). T h e  g a m e, th e re fo re , h o ld s  a ll in fo rm a tio n  n e c e s sa ry  fo r  th e  le a rn in g  o f  
th e  su b je c t m a tte r. W ith  an  a d v e n tu re  fo rm at, th e  s tu d e n t can  tra v e l to  v a rio u s  p la c e s  an d  
re c e iv e  in fo rm a tio n  f ro m  d is c o v e r in g  ite m s  c o n ta in e d  in  th e  la n d sc a p e  o r  f ro m  o th e r  
c h a ra c te rs  w ith in  a  s to ry . T h e  s tu d e n t a ssu m e s  th e  id e n ti ty  o f  a  c h a ra c te r  in s id e  th e  g a m e  
( th u s  p ro m o tin g  im m e rs io n  a n d  fa n ta sy ) , m a k es  c h o ic e s  an d  fo llo w s  a  p a r tic u la r  p a th  o f  
d is c o v e ry . M az e  g a m e s  an d  P la tfo rm  g a m es  c a n  a lso  be  u se d  in  th is  w a y  (se e  F ig u re  4 .2 ).
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T h e se s  g a m e s  h a v e  o fte n  b e e n  u sed  fo r  d r il l  a n d  p ra c tic e  p ro g ra m s , as th e  te s tin g  fo rm a t 
is e a s ily  in se r te d  a t v a r io u s  p o in ts  in s id e  th e  g am e.
F ig u re  4 .2 . S c re e n sh o t f ro m  W o rd  g a m e s  a t C a m e lo t f ro m  A d v e n tu re  L e a rn in g w a re .
W o rd  G a m e s  a t  C a m e lo t is a n  e x c e lle n t e x a m p le  o f  h o w  th e  p la tfo rm  g a m e  c an  be 
u sed  as  an  e n v iro n m e n t fo r  d r il l  a n d  p ra c tic e  sec tio n s . In  th is  v o c a b u la ry  le a rn in g  g a m e, 
th e  u se r  a ssu m e s  th e  c h a ra c te r  o f  a  k n ig h t o n  a  q u e s t to  jo in  th e  k n ig h ts  o f  th e  ro u n d  
tab le . T h e  k n ig h t m u s t c o lle c t  i te m s  fo r  p o in ts  (e .g ., sh ie ld s), a v o id  e n em ies , and  a n sw e r 
th e  q u e s tio n s  p o s e d  b y  th e  g u a rd s  a t v a r io u s  s ta g e s  in  th e  g am e. T h e  q u e s tio n s  re fe r  to  th e  
u se  o f  th e  v o c a b u la ry  w o rd s  in  c o n te x t. E a c h  le v e l h a s  e ith e r  fo u r  o r  f iv e  g u a rd s  and  e a c h  
g u a rd  a sk s  f iv e  q u e s tio n s . T o  f in ish  th e  le v e l in  th e  g a m e , th e  s tu d e n t m u s t a n sw e r a ll  th e  
q u e s tio n s  p o s e d  by  th e  g u a rd s  to  a c h ie v e  a  re q u ire d  p e rc e n ta g e  o f  c o rre c t an sw ers . T h e  
d isp la y  a t  th e  b o tto m  o f  th e  s c re e n  sh o w s  th e  s tu d e n t sco re , th e  h e a lth  o f  th e  k n ig h t, th e  
p re s e n t lev e l, th e  n u m b e r  o f  c o r re c t  a n d  in c o rre c t a n sw e rs , an d  th e  ta rg e t n u m b e r o f  
c o r re c t  a n sw e rs  n e ed e d  to  p ro g re s s  o n to  th e  n e x t s tag e . T h e  p ro g ra m  c a n  re c o rd  th e  
s tu d e n ts  n a m es , sc o re s , a n d  a lso  th e  n u m b e r  an d  ty p e  o f  a n sw e rs  g iven . A  re p o r t  c an  be  
p r in te d  a t th e  e n d  o f  th e  g a m e  w ith  th e  re le v a n t d e ta ils  o f  th e  s tu d e n t’s p e rfo rm a n c e  
d u r in g  th e  g am e. B e fo re  p la y in g  th e  g a m e , th e  s tu d e n t c a n  in p u t h is  o r  h e r n am e, th e
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le v e l o f  d if f ic u l ty  a n d  sp ee d  o f  th e  g a m e. T h e  te a c h e r h a s  c o n tro l  o v e r  th e  p e rc e n ta g e  o f  
r ig h t a n sw e rs  n e e d e d  to  p a ss  a  le v e l in  th e  g a m e. T h e  te a c h e r c a n  a lso  v a ry  th e  
c o u rs e w a re  c o n te n t, c h a n g in g  th e  n u m b e r  a n d  d if f ic u lty  o f  th e  q u e s tio n s  and  th e  le v e l 
s e ttin g s . T h e  fo rm a t o f  th e  q u e s tio n s  can  a lso  be  m a n ip u la te d . T h e  s tu d e n t can  be 
re q u ire d  to  p ic k  a  w o rd  c o rre sp o n d in g  to  a  d e fin itio n , p ic k  a  d e f in itio n  c o rre sp o n d in g  to  a  
w o rd , o r  c o m p le te  a  sen te n c e  w ith  an  a p p ro p ria te  w o rd  f ro m  a  list.
4.1.2 Insertion point 1:
A p a rt f ro m  h a v in g  th e  gam e  a s  th e  p r im a ry  fo c u s  o f  th e  s tu d e n t and  in c lu d in g  
tu to r ia l e le m e n ts , e x o g e n o u s  g a m e s  c a n  be in se r te d  in to  th e  e x is t in g  tu to r ia l an d  d ril l 
so ftw a re . A fte r  th e  title  p a g e , th e  u se r  b eg in s  w ith  a  se le c tio n  o f  w h a t le sso n  is to  be 
s tu d ie d , le a rn e d , p ra c tic e d  o r  te s te d . A t th is  p o in t, th e  g a m e  fo rm a t c a n  be  u sed  to  se lec t 
th e  le s s o n  and  re c e iv e  in fo rm a tio n  a b o u t th e  v a rio u s  sec tio n s  o f  in te re s t. F o r in s tan ce , a 
se le c tio n  g am e  c an  be  u se d  to  c h o o se  a  le sso n  w ith  th e  le sso n  o b je c tiv e s  d isp la y ed  as a 
re s u lt  o f  b e in g  p ic k e d  by  th e  u ser. G a m es  in  th is  p h a se  o f  th e  tu to r ia l re fe r  to  G a g n e ’s 
f irs t fo u r  e v e n ts  o f  in s tru c tio n . T h is  in c lu d e  g a in in g  th e  a tte n tio n  o f  th e  u se r , in fo rm in g  
th e  le a rn e r  o f  th e  le s so n  o b je c tiv e s , s tim u la tin g  re c a ll  o f  p r io r  le a rn in g , and  p re se n tin g  th e  
in fo rm a tio n . T h is  is in d ic a te d  o n  F ig u re  4 .1  a s  e n c o m p a ss in g  th e  se le c tio n  o f  th e  le sso n , 
th e  o b je c tiv e s , and  th e  p re s e n ta tio n  o f  th e  le sso n  d isp la y s . T h e  p u rp o s e  o f  th e  g a m es  is  to  
g e t th e  s tu d e n t to  in te ra c t w ith  th e  le a rn in g  e n v iro n m e n t, h e ig h te n  m o tiv a tio n  an d  a ro u se  
c u rio s ity . T h e  a b ili ty  to  se le c t th e  le sso n  (o r p a rts  o f  it) p ro m o te s  le a rn e r  c o n tro l as th e  
s tu d e n t is th e n  a b le  to  c o n tro l th e  p re s e n ta tio n  o f  in fo rm a tio n  (K in z ie , 1990). F o r th is  
re a so n  e x o g e n o u s  g a m e s  in c lu d e d  a t th is  s ta g e  in  th e  tu to r ia l s tru c tu re  w ill be  re fe rre d  to  
as p re s e n ta tio n  g a m es . E x a m p le s  o f  g a m e s  in  th is  c a te g o ry  in c lu d e  se a rc h  g am es , 
s h o o te m ’u p s  (e .g ., p o in t an d  sh o o t) , and  m a z e  g am es. F o r  sea rc h  g a m es , th e  u se r  m u s t 
lo c a te  s e c tio n s  on  th e  sc ree n  an d  th e n  c lic k  o n  th e m  to  re v e a l sec tio n s . W ith  th e  tim e  
n eed  to  lo c a te  s e c tio n s  o f  th e  sc ree n , th e  s tu d e n t is in c re a s in g  th e ir  tim e -o n - ta sk , th u s  
im p ro v in g  re f le c tio n . C a re  sh o u ld  be ta k e n  a s  to  h o w  long  th e  s tu d e n ts  ta k e  to  lo c a te  a 
g iv e n  to p ic . I f  th e  tim e  ta k e n  is  to o  lo n g , th e  tu to r ia ls  o r  d rills  w ill  n o t b e  f in ish e d  in  tim e .
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Therefore, this type of game needs to be tailored with respect to the age and level of 
competency of the learner.
4.1.3 Insertion point 2:
After the presentation of the courseware to the students, the next step is to test the 
user’s understanding of the lesson. This directly relates to Gagne’s instructional events of 
eliciting performance and giving feedback. This is indicated on Figure 4.2 as the testing 
phase. At this point, the purpose of the exogenous games is to heighten motivation of the 
student. Three types of exogenous games that can be included during the testing phase 
are proposed. These include novel-answering games, time-based games, and 
score!achievement-based games. In novel answering games, the student is given an 
interesting way of selecting answers from multiple options. The games scenario provides 
the user with examples as well as non-examples or arbitrary stimuli in which the student 
must select the correct answers (see Figure 4.3). Examples of the types of novel- 
answering games include shootem’ups, point and shoot games, search games and match 
games. With match games, for example, arithmetic skills can be tested (see Figure 4.4). 
Match games can facilitate the practice of learning outcomes such as rule following since 
objects can be matched or grouped according to defined rules.
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Figure 4.3 Screenshot from Duckshot. This game uses the theme of a fairground attraction i.e. 
Shoot the Duck, as a way of getting the user to select an answer in a novel way. The idea is to 
draw back the catapult with the mouse and shoot some water at the ducks with the correct answers 
in response to the statement at the top.
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Figure 4.4. Screenshot from “Break the Wall” illustrating how a match game can be used to 
practice/test arithmetic skills. The bricks disappear when matched with a similar numeric value 
within a given time constraint. When all the bricks are destroyed, the user moves down the corridor 
to the next wall.
The second type of testing games are time-based games. Here, the student is 
motivated to answer questions within a specified time constraint. The time constraint can 
be demonstrated by some graphical display (e.g., animation of an hourglass) or textual 
countdown. This may take the form of answering the questions to rescue objects or 
characters displayed on the screen (see Figure 4.5). Another type of time-based game 
involves using the speed of the user’s input as a means to achieve some greater goal. This 
may be an increase in score of the display of a fantasy scenario. For example, a race 
game could be used to motivate the user to answer questions within a specified time limit. 
By accurately and quickly answering the questions the student’s vehicle would advance
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towards the finish line. The opponent’s progress in the fantasy scenario could be a 
previous player’s times or some computer-generated opponents.
Figure 4.5. Screenshot from “Math Snatchers” illustrating how the time constraint can be included 
in the testing phase to heighten motivation. The animated characters (or snatchers) on the screen 
move towards the blobs in the boxes (given to the students for correct answers). By answering the 
next question quickly, each snatcher is made disappear. The user cannot move on to the next level 
unless they answer all the questions correctly.
The third type of testing game involves using the player’s achievement when
answering questions to further achieve a play-goal or extrinsic fantasy. This can be done
£
by awarding a number of points for each correct answer, comparing a score with a 
highscore, or using the player’s achievement to enable the student to play another game 
that is running simultaneously during the testing phase. For example, a correct answer 
could enable the student to play a move in Tic-Tac-Toe (Naughts and Crosses). Another 
example is to allow the student remove a piece of a puzzle for each correct answer. 
Frame games are easily used in this way, whereby a correct answer would enable the user 
to progress in the game.
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At the end of the testing phase it is proposed that exogenous games can be used as
¿i
a source of reward for achievement. This is indicated on Figure 4.1- (p. 60) as occurring 
after the testing phase has been successfully completed. Reward games mainly refer to 
two of Gagne’s instructional events such as providing feedback and assessing 
performance. If the results of the testing phase were found to be acceptable and no further 
remediation being necessary, reward games can be inserted into the program structure as 
a means of contingent positive feedback for achievement. As well as the reward for good 
performance, some positive rewards should always be given to the student irrespective of 
their achievement to ensure that the less capable learners will not become disheartened. 
Credits can be earned for scores gained during one or more testing sessions. In this token 
economy system these credits can then be used in exchange for time on a game, number 
of lives, or choice of a number of games (see Figure 4.6).
A reward game can be any game which is engaging for the user, has a relatively 
short duration and has parameters (e.g., number of lives) that can be altered. These may 
or not be educational. S&A games, for example, are ideally suited because of their fast 
pace and alterable elements. A computer version of a chess games would, for example be 
a poor choice for this purpose because of the long length of time needed for completion 
of the game. Some strategy games are also applicable as reward games (e.g., jigsaws). At 
this stage, the program can provide multiple games of different types to suit the user’s 
preferences. Providing choices within the educational package gives the user more 
control of the program, and thus improves intrinsic motivation and satisfaction (Kinzie, 
1990; Keller, 1987; Wynn & Oliver, 1996).
4.1.4 Insertion point 3:
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Figure 4.6. Screenshot from “Arcadia Learning”. This shows how a token economy system can be 
used to facilitate play of rewarding games. Point A  shows the educational games to be played first 
of all. Credits are gained for completing each educational game and the amount of credits earned 
can be checked at the bank (point B). Point C  indicates the reward games made available with a 
minimum amount of credits.
Reward games should only require a short amount of time to complete. This is to 
reduce the Nintendo effect. The Nintendo effect occurs when the game becomes the goal 
of the exercise and the focus of attention shifts from the learning and retention of the 
courseware to the quickest possible route to play the game. Providing a minimum target 
number of correct answers helps reduce this effect as does providing a minimum time to 
go through each of the presentation screens. The game should not become an end in itself 
(Alessi & Trollip, 1991). It should not take away from what is being learned, rather, it 
should act as an incentive to acquire the learning material and perform well during the 
testing phase.
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At the end of the program, it is proposed that exogenous games can provide a 
summary of concepts learned throughout the computer-based tutorial or drill. This is 
indicated in Figure 4.1 (p. 60). The purpose of games at this stage is to enhance retention 
and transfer of learning corresponding to Gagné’s last instructional event. Types of 
exogenous games applicable to this stage in the learning process include word games, 
modified shootem’ups, and match games. Various keywords are taken from the 
courseware and displayed during the game as a means of reflecting on what has been 
learned earlier in the session. For the more advanced programs, the students’s incorrect 
answers could be addressed by including the relevant keywords or displays and 
displaying them again within the game. Word games such as Hangman, Scrabble, 
Crosswords, conundrums and word searches have often been used for this purpose. The 
format of the Hangman games can easily be altered to be used in several contexts, 
whereby a wrong answer to a problem would at a piece to the hangman structure (Alessi 
& Trollip, 1991). This is also true of the shootem’ups. The Metric Arcade (Lionet and 
Lamoureux, 1994), is an example of a fast-paced reflective game (see Figure 4.7). This 
game uses a Space Invader theme with characters corresponding to different metric 
measurements. The target number is displayed at the bottom right-hand corner of the 
screen and the user must shoot the corresponding word or letter. The content could easily 
be altered to facilitate varying subject matter. Match games are also used as a method of 
promoting reflection and practice of key concepts. A summary of the types of exogenous 
games are given in Table 4.1.
4.1.5 Insertion point 4:
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Figure 4.7. Screenshot from the Metric Arcade. The Metric Arcade. Created with Klik & Play ©, by 
Francois Lionet and Yves Lamoureux (1994). The idea is to shoot the boxes with the word 
corresponding to the numeric value displayed in the bottom-right corner of the screen. The 
challenge is heightened as the boxes move in a random path around the screen. The score is 
increased with every shot on target and decreased with every miss or wrong target hit.
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j  a Gaining Attention:
□ Informing Learner of 
Lesson Objectives
□ Presentation of Stimulus 
Material
a Guiding learning
□ Presentation Games □ Search games, Point 




♦ Reward games ♦ Any non-violent 
Skill and action 
games, Puzzles
Table 4.1 Summary of Exogenous games and their use in the instructional process
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4.2 Considerations for the design of Tutorials and drills
4.2.1 Gaining Attention
An important factor in the design of any educational program is the first 
impression the user has and general neatness of the package (Jones, 1997). Typically, 
educational programs begin with and introduction screen, which displays the title of the 
program and authoring company. Some display text only, others have both graphics and 
text, and some have animated graphics. The purpose of a title screen is to attract the 
student’s attention, to create a receptive attitude and to indicate in general, what the 
lesson is about (Alessi & Trollip, 1991). Sometimes the user is required to press a key (or 
click the mouse button) in order to continue onto the next screen. It is more usual to press 
the return key or space bar as they are most easily recognised by the user. For all 
outcomes of learning (verbal information, intellectual skills, cognitive strategies, attitudes 
or motor skills) “attention of the students is gained by introducing rapid stimulus 
changes.” (Petry et al, 1987, p. 16). For computer based instruction, this can be facilitated 
by changing the visual or auditory displays (Petry et al, 1987; Mayes 1994). The interface 
design for maintaining this attention can also be tailored to suit the needs of the user. This 
is necessary for students of different ages and levels of competency. For young users, the 
interface can be designed to focus their attention on various points on the screen when 
required. In one drill and practice program (Adventure Math) a large red arrow points to 
the position on the screen where attention is most required (see Figure 4.1). For older and 
more familiar users, this may not be necessary, as they are less likely to lose 
concentration.
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Figure 4.1. Screenshot from Adventure Math illustrating how attention can be focused to 
one section of the screen for younger students
4.2.2 Controls
At the beginning of a computer-based lesson it is necessary to demonstrate how 
the student can interact with the program. This may involve using the keyboard or mouse 
to communicate with the program For example, the mouse can be used to click on 
various parts of the screen such as a menu-bar or some intuitive buttons to press such as 
arrows depicting back and forward through the screen displays. The keyboard can also be 
used to input information and navigate throughout the program It is important that the 
procedure for answering questions should be clear and simple for the user. This is 
especially true for younger students who often find the mouse double click, for example, 
difficult to master. Moreover, the use of the mouse by students, for example, as a tool to 
either click on objects or drag and drop items can play an important role in the students’ 
preferences (Inkpen et al, 1996).
An option screen allows to the user to adjust the various settings of the program. 
This gives the learner some control over his or her learning. Some of the features of the 
program (such as the speed, sounds and volume) can be adjusted by the student. Other
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program can be designed to branch to easier or more difficult material based on a 
continuous diagnosis of input data.” (Schaefermeyer, 1990, p 11). Branching helps to 
individualise the program to better suit the learner’s needs and is used as the user 
progresses through the program.
4.2.5 Giving Objectives of the lesson
The next screen presents the various topics to be covered. When a topic is 
selected by the student, another screen appears with the objectives of the lesson. This 
ensures that the user has an overview of the information that he or she will be learning 
and how it is incorporated into the overall subject theme of the tutorial. These should be 
clear and unambiguous to promote understanding and increase the relevance of the 
material to the student. The objectives of the lesson can be described in behavioural terms 
by giving a statement of the conditions which the target behaviour should occur, a 
description of the target behaviour required and some criterion for acceptable 
performance (Alessi & Trollip, 1991). However such a detailed list of objectives may be 
inappropriate for very young students.
The lesson can be presented via a series of multimedia displays including text, 
graphics, audio and/or video. The interface design should be consistent throughout the 
sessions for ease of understanding and use. The presentation of information to the student 
and all corresponding content can be contained in various multimedia files independent 
of the interface design. This introduces some flexibility into the program as the content of 
the tutorial can be easily changed by the teacher. For each screen presented, the author 
should determine if words, illustrations or icons are most appropriate (McFarland, 1995). 
The student should be able to interrupt the program (i.e., pause) at any stage.
4.2.6 Testing
The testing phase typically follows the presentation of the courseware material. 
The questioning format can reflect the student’s ability and learning style. For example,
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people who use abstract conceptualisation as their style of learning can have problems 
with multiple choice questions as they tend to see how the other answers given may be 
correct as well as the target answer. If the answer selected by the student is wrong, the 
appropriate feedback and remediation should be contingent. The positive reinforcements 
of correct answering can be gradually reduced to promote reflective cognition and 
increase cognitive responsibility (Sedighan & Klawe, 1995)
The student should be able to navigate between screens easily. A menu driven 
system (Gold 1984) allows the user immediate access to the portion of the program to be 
used. This reduces the time wasted on irrelevant or undesired sections of the program. 
This can be made available to the user at every stage of the program’s operation. This 
may be made continuously available by having pull-down menus, pop-up menus or by 
keyboard numbered menus (Schaefermeyer, 1990). A save feature can be used by the 
student to return to the same section of the program, during the next computer session.
4.2.7 Reports
At the end of each section a report card can be shown to the student to review his 
or her progress. This should help in debriefing the student at the end of the computer 
session. When leaving the computer program, the users position in the program should be 
saved along with their score and level settings. This makes it easier for the student to 
continue where ended in the previous session.
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The purpose of this thesis was to ascertain the role of computer games in 
education. Various theories of instructional and computer game design were discussed 
with respect to maintaining the interest of the student while performing the computer 
based tasks. For this reason a taxonomy of games was developed to ascertain the 
educational applications of various types of games. Furthermore, the elements of the 
games that maintain the users’ interest or motivation were looked at in detail in chapter’s 
one and three such as Malone’s theory of Intrinsically Motivating Instruction (Malone, 
1981) and Wynn & Oliver’s (1996) IMM learner effects.
The proposed model stresses the inclusion of games to facilitate increased 
motivation by engaging the user, promoting sensory and cognitive curiosity, providing 
for reinforcements, rewards, feedback, intentional and incidental learning, and promoting 
implicit as well as explicit learning of concepts. Exogenous games, because of their 
easily defined format and reproducibility, are ideally suited for overlaying existing 
instructional formats. Also the retention of the instructional events in existing 
instructional formats, means that the pedagogic role of the games does not reduce the 
instructional value of existing CAI applications.
The model for inclusion of exogenous games was based on Gagne’s Instructional 
events, behaviourist theories of reinforcement and motivational models. In summary, it 
was stated that exogenous games can be inserted into existing tutorial and drill and 
practice software in five main ways.
• Games can be used as encompassing the whole tutorial format at various 
points inside the game.
• Exogenous games can be inserted as the presentation phase as a means to 
focus attention and reflection of the material.
Chapter 5: Discussion and Conclusions
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• Exogenous games can be inserted at the testing phase as a means of 
heightening motivation to perform well.
• Rewarding games can be inserted after the completion of the testing phase as 
a means of positive reinforcement.
• Exogenous games can be inserted at the end of the computer based exercise as 
a means to promote reflection of the main concepts of the courseware.
There are various parameters that can be altered for each type of exogenous game. 
These include the fantasy, challenge, curiosity, control, immersion, and complexity 
elements. Each element has many sub-factors. For example, the challenge component 
includes goals, uncertain outcomes, variables difficulty and varying levels of 
competence. Although the element of challenge has been considered by some authors to 
be the most crucial factor, controlling for, or measuring the effectiveness of each of these 
elements is an almost impossible task (Baltra, 1990; Cited in Dempsey et al, 1993). As 
Dempsey et al, (1997, p. 2) state “much of what occurs in a gaming environment may not 
be easily measurable or, at least easily reduced to a few variables. The validity of the 
assessment of an instructional game is quite different from other learning environments 
and, according to Reuben & Lederman (1982) is dependent on rules, interactions, roles, 
goals, and criteria. Therefore, although experimental studies have an important place in 
the instructional gaming literature, there is a budding movement to recognise the 
limitations of objective-oriented research for assessment and look at the effects of 
incidental learning as well as incidental learning (Barnett, 1984; Remus, 1981).” 
Bredemeier & Greenblat (1981) suggest variables that affect the outcome of studies on 
effectiveness of games. These include cognitive styles, personality, academic ability, 
game ability and administrative variables.
Therefore, testing of this model is a rather difficult task. There are however, a few 
limitations when considering the insertion of games within existing educational formats 
such as drills or tutorials. Firstly, the oversupply of extrinsic reinforcers, such as the 
games can reduce or undermine intrinsic motivation (Alessi & Trollip, 1991). It is 
therefore suggested that the exogenous games should not be included at every stage in the
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learning process. The continuity of the graphical displays, or neatness, is essential and the 
games should distract the student’s attention from what is being learned (Dempsey et al, 
1997, Jones, 1997). The possible exception to this rule would be in the case of rewarding 
games. These games should be short in duration to minimise the Nintendo effect.
It is proposed that the inclusion of exogenous games may be most beneficial for 
younger age groups (such as primary schools) and special education for a number of 
reasons. Firstly the inclusion of games to aid learning is often more distracting for adults 
as their level of intrinsic motivation to learn is often much higher. The use of games or 
elements of games within CAI often targets the affective domain rather than the cognitive 
(Wynn & Oliver, 1996). This is especially true for students with motivational or attention 
problems. Therefore, the author suggests that the real value of this model lies in the use 
with children of primary school age and students with special needs.
With the advent of web-based instruction via the internet (e.g., K-12), and the use 
of Java programming and authoring packages (e.g., Macromedia Shockwave) to produce 
games that can run on the user’s browser, means that instruction via the internet has now 
become more interactive for the student. Traditional browsing through instructional web 
pages can be a monotonous procedure. This model illustrates just how exogenous games 
can be used within web based instruction to maintain the interest of the students.
5.1 Future research
In the proposed model, the weighting of the gaming content may change with the 
age of the student being taught. Finding the right formula of amount of gaming with 
formal structured learning could give an insight how this can be achieved. However with 
the diversity of game types and game elements this becomes a complicated task. Such a 
large undertaking is beyond the scope of this thesis.
The games used at the various stages in the instructional process could be tailored 
to the learning styles of the students. As Dempsey et al, (1997) noted, different learning 
styles showed differences in gaming preferences and perceived optimism. With this in
80
mind, designing computer based educational software with some gaming elements needs 
some research into how best to tailor the gaming content for maximum motivation to 
learn. This is especially true for student with special needs.
The role of endogenous games is also a current focus of research, especially in the 
areas of promoting reflection and tacit (implicit) learning through play (Rieber 1996, 
Rieber & Noah, 1997). Microworld programming and constructivist principles (e.g., 
LOGO, Papert, 1980) have become more commonly used as a method of promoting 
student learning. Instead of the ‘instructionalist’ frameworks, the students use the 
multimedia authoring software as a means to program their own applications. Bates 
(1996) maintains that student’s learn more from constructing their own multimedia than 
from browsing through commercial multimedia. A possible balance between instruction 
and construction of learning could be found by giving students all multimedia 
information and getting them to use such information to produce gaming software.
5.2 Designing the ultimate educational game
With developments in computer game design and theories of learning, more 
complex interactions can occur with the user and the computer. It is possible to further 
explore the use of reinforcers in visual, auditory and tactile formats. For visual elements, 
the use of 3-D graphics can further immerse the student in the computer simulated world. 
The use of non-speech auditory cues has hardly been touched on in the literature (Mayes, 
1994). A possible avenue of research may look at the use of sounds as feedback within 
games and look at the effects of varying the elements such as the duration, pitch, and tone 
to see what effects they have on learning. Moreover, the scheduling of auditory cues 
could also be looked at to find some effective strategies for their inclusion into computer 
game design. The use of tactile feedback is often used in the newer Arcade games. The 
user’s input device is more integrated with real life. This can be seen in racing games 
where the user can be seated in a car, on a motorbike, in a tank, and even on some skis.
The design of educational games however, should not be lead by developments 
within the technology. As Bates (1996, p. 37) states “Pedagogy leads and the technology
81
follows! Thinking about computers in education means thinking about education not 
thinking about computers.” Instructional designers should not ‘push the envelope' when 
design educational software (Jones, 1997). A simple 2-D game design is often more 
beneficial and more educational than a complex technologically impressive 3-D virtual 
world because of it’s ease of understanding and use. Nevertheless, educational games that 
are pedagogically sound (i.e. include all instructional events and strategies for learning 
outcomes) may not necessarily be effective if the motivational and affective aspects in 
their use is not addressed.
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